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FOREWORD

Presented herein is the Boeing Aerospace Company's Test Report covering work

accomplished on Contract F33615-79-C-2067 for the period of September 24, 1979
through April 1, 1982. This contract is being performed for the Aero Propulsion
Laboratory Air Force Wright Aeronautical Laboratories, Air Force Systems Command,
Wright-Patterson AFB, Ohio. The program is under the technical direction of Daniel

Schweickart, AF•.'AL/POOS-2.

Personnel participating in this work for the Boeing Aerospace Company were W. G.
Dunbar, the technical leader, and S. W. Silverman, the program manager.
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1.0 PROGRAM OBJECTIVES

The objectives of this program are as follows:

a. Perform high voltage tests on capacitors, cable assemblies and parts, and coils.

b. Design, fabricate, and evaluate a high voltage standard test fixture to be used for

measuring the void content in various high voltage insulation systems.

c. Specify and procure a 153 KV, 400 Hz power supply for partial discharge

measurements.

d. Update the Tests and Specificat*ons criteria documents completed in U.S. Air Force

Contract F336 I5-77-C-2054 to include the findings from the test article

evaluations.

14

e. Develop a high voltage generator test procedure.

f. Update of the Airborne High Voltage Design Guide completed on U.S. Air Force

contract F33615-76-C-2008.

g. Develop a Spacecraft High Voltage Design Guide.

.4
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2.0 SCOPE

The major tasks reported in this Test Report are:

o High-voltage power supply verification testing at Hipotronics and

Wright-Patterson AFB.

o Selection and testing of test articles

o High-voltage test plans for the test articles

o Design and verification testing of the standard test fixture

2



3.0 BACKGROUND

In previous contracts, high-voltage test and specifications criteria documents were

written for U.S. Air Force airborne power supplies and components which supply

megawatts of power at tens of kilovolts to high-power/high-voltage systems. A

generalized power source is shown in Figure 3.0-1 for a turboalternator system. However, N
the turboalternator can be replaced with a MHD power supply. Emphasis has been placed

on minimum weight and volume airborne equipment, which imply compact systems with

high density packaging.

The specifications and tests criteria document prepared under contract F33615-77-C-2054

do not have all che electrical, mechanical, and ernvironmental requirements and test
parameters for high-voltage and/or high-Dower applications. It is the purpose of this

program to evaluate the parameters listed in the applicable criteria documents, by writing

detailed test procedures and then test hardware to the specified parameters. Following

completicn. of the test program, the Test and Specification Criteria Documents will be

updated to reflect the findings of this test program.

A 150 ,ilrvolt Partial Discharge Detection system was also developed during contract

F33615-77-C-2054, and was installed at the Aero Propulsion Laboratory, Air Force Wright

Aeronautical Laboratories at Wright-Patterson AFB, Ohio. Two new components are

being added to this system: a 150 kV, 400 Hz power supply, and a Standard Test Fixture

for testing A/C systems, components, and electrical insulation. The addition of these two

units to the present direct voltage Partial Discharge Detection System at AFWAL/POOS

will give the U.S. Air Force a complete facility for testing electrical properties of

materials, components, and systems used in present and future high-voltage and/or high-

power systems.

3 
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4.0 HIGH VOLTAGE POWER SUPPLY

4.1 DescriDtion. The U.S. Air Force Wright Aeronautical Laboratory purchased a

Partial Discharge Detection System capable of detecting 0.1 to 10,000 picocou-

lombs partial discharges within direct voltage and alternating current insula-

tion systems. The system is equipped with the following components:

Partial discharge detector

Power separation filter

Calibration Signal Coupler
Voltmeter

Isolation Buffer

Noise Filter

Grounding Ward

\Multichannel Analyzer

A system schematic diagram for the facility is shown in Figure 4.1-1.

The dc noise filter is designed to operate with dc applied. The power separation

filter/detector is designed to operate with either high-voltage ac or dc. To broaden

system capability, a high-voltage ac power supply (not shown in Figure 4.1-1) was

purchased with the following specified electrical parameters and components:

HIGH VOLTAGE TRANSFORMER

Input Voltage: 208 Volts, 400 Hz, I Phase

Output: 150 KV, 20 KVA, 400 Hz, I Phase, I hour duty cycle

150 KV, 15 KVA, 400 Hz, I Phase, continuous

Separation Filter Capacitance: 20 Picofarads

Oil Filled - Texaco #55 uninhioited transformer oil or equivalent

Life: 10,000 hours in 10 years

1 year guaranteed

Noise level shall be less than 5 PC at 150 KV

5
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CONTROLLER

Input: Controls: 120 Volts, 60 Hz, I Phase,

Power: 208 Volts, 400 Hz, I Phase, 120 Amperes

Overcurrent protection

Meter relay to preset output voltage

Voltage rise: 30 seconds and/or 300 seconds

Voltage vernier: 10 KV at voltages between 10KV and 140KV

Power line filter

Console writing shelf

Interconnect cables

Power cables

Instruction manuals

Manufacturer: Hipotronics

4.2 Qualificatior Test. A qualification test was made at the manufacturer's facility

(Hipotronics). Following qualification and inspection, the unit was packaged and shipped

to AFWAL where it will become a part of the Partial Discharge Detection System.

4.2.1 Test. The high-voltage power supply and controller were connected to the output of

a 400 Hz generator. As the controller voltage was increased from 95 kV to 150 kV, corona

readings, input voltage, and current readings were taken. The test results are shown in

Table 4.2-1.

TABLE 4.2-1: HV POWER SUPPLY TEST DATA

Transformer Corona Controller Input

Output PC 400 HZ
kV (max.) Volts Amperes

96 1.0 217 33
124 2.0 208 57

145 4.0 218 85
150 4.5 215 84

k7



A check of the voltage vernier was made with the output set at 100 kV.

Boost 100 to 129 kV

Buck 100 to 78 kV

The controller includes the fol!owing operational instruments and controls.

Voltmeter: ac multirange

Ammeter: Primary (transformer) current: Calibrated in secondary milliamperes

Rate of rise control:

28 seconds (maximum) to full voltage

300 seconds (minimum) to full voltage

Separation filter circuit output impedance: 75 ohms at 70 kHz

4.2.2 Auxiliary Components. A three-phase, 400 Hz, 125 Kva, 208/115 volt, ac generator

or a variable frequency power source will be used to supply the low-voltage input ac

energy requirements for the high-voltage power supply, A delta-connected, balanced

resistor network may be connected to the primary of the transformer to correct the

generator power factor as shown in Figure 4.2-1. The series-connected inductor has a

two-!old function: 1) power factor correction, and 2) a line filter. The series inductor is

tapped for inductance of 0.5, 1.0, and 2.0 millihenries, and is designed for continuous

operation at 100 amperes and 250 volts ac.

Data collected during the qualification test were taken at the manufacturer's faciLity with

line filters connected to each side of the transformer primary winding. The data are

shown in Figure 4.2-2 and Table 4.2-2 without the delta loads connected.

8
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TABLE 4.2-2: POWER LINE REQUiREMENTS

(400 Hz with line filter)

Voltage Line Current Line Volts Impedance
kV Am.eres Ohms
96 33 217 6.56
124 57 218 3.82
145 85 218 2.565
150 84 215 2.56
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5.0 STANDARD TEST FIXTURE

5.1 General. The information and procedures contained within the instruction manual for

use with the fixture have been prepared to assist the user in connecting, operating, and

maintaining the high voltage Standard Test Fixture. The Standard Test Fixture is to be

used aw a part of the Partial Discharge Detection System at the Wright-Patterson AFB,

Oh., Area B, Building 450, Room D109. Care has been taken to include an electrical

interlock for safety and specify standard ASTM-D149 electrodes for dielectric stregigth,

breakdown, and partial discharge measurlments.

Measurements may be taken with the specimen e =Iher submerged in a liquid, encapsulated,

or in air. The test fixture was fuliy tested before shipping. Proper use and maintenanwe

of the test fixture, as outlined herein, will aid in keeping the test fixture at peak

performance and prolong its useful life. A safety practices paragraph is included es part

of 'he operator's instruction manual to bo followed when using this equipment,

5.2 Description. The test fixture is designed to comply with the latest requirements set

forth in ASTM-D149 and ASTM-D3382 for standard test methods of testing electrical
insulating materials for breakdown, dielectric strength, and partial discharges.

Two plug-in test fixtures, purchased from Associated Research, Inc., Skokie, Illinois, are

available for testing electrical materials. These fixtures are designed so that they can be

easily and quickly changed.

Standard electrodes per ASTM-DI49 were also purchased for these fixtures. The fixture

part numbers and descriptions are shown in Table 5.2-1.

X
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Table 5.2-1: Test Fixtures and Electrodes

Associated Research, Inc.

Description Part Number

Test Fixture 31550

Test Chamber 31560

2-inch electrode, upper 31867

2-inch electrode, lower 31884

I-inch electrode, upper 31873

I-inch electrode, lower 31883

1/4-inch electrode, upper 31870

"1/4-inch electrode, lower 31876

All three electrode sizes are designed to fit into the test fixture. A test

sample may be tested either in a gas between the electrodes or in a liquid by

inserting the test fixture in the test chamber as shown in Figures 5.2,1, 5.2-2,

and 5.2-3. The test fixture and chamrber are housed in a bench-mounted steel

cabinet measuring 25Y inches high, 21iY inches wide, and l8ii inches deep. A

built-in test compartment in the upper part of the cabinet has inside dimensions

of 12Y inches high, 17Yz inches wide, and 16 inches deep. Hingej double doors are made of

clear plexiglass for full view of the article under test, and to provide access to the test

compartment. A double interlock system attached to the two doors can be series-

connected to the partial discharge aetection system interlock system. High-voltage and

ground leads are connected to the bottom of the test compartment. These leads will be

connected to the Partial Discharge Detection System. Test fixtures, purchased in the

future, may be connected to the two high-voltage keceptacles mounted through the

bottom of the test compartment. A photograph of the Test Fixture Assembly, with the

test fixture installed, is shown in Figure 5.2-1.

14



Figure 5.2- 1: High voltage Test Fixture4

Figure 5.2-2: Test Chm~ber

15
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FVIgre, 5.2-3: Electrodes Installed in M'e Test ChamberI
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5.2.1 Test Compartment. The test compartment houses the high voltage terminatibns,

materials test fixture, and material being tested, augmenting safety for the operator and

other personnel. This safety feature permits the instrument to be used in the laboratory,

without the need for roping off the area or erecting a test cell.

Two, hinged, clear plexiglass doors provide access to the test chamber. Both doors are

equipped with safety interlock switches that can be connected in series with the Partial

Discharge Detection System interlock system to disable the high-voltage control circuit

when one or both doors are open. The doors are held in the closed position by magnetic

latches.

High-voltage terminations are made of two large banana jacks mounted on the bottom

plate of the test chamber. These jacks receive the banana plug terminations on the

materials test fix:tures, providing high-voltage connection to the fixture electrodes. The

jacks were corona free to 30 kV dc without corona nuts and special high-voltage wire.

5.2.2 Cables. A flexible copper braid grour d return is connected to the left terminal.

This ground return must be connected to the Partial Discharge Detection System

separation filter ground. The insulated high-vo!tage lead connected to the right terminal

must be connected to the high-voltage termination of the separation filter. Care must be

taken to centrally locate the high voltage wire between all frame edges on the back side

of the test fixture, to prevent corona and arcing to the frame.

5.3 Principles of Operation.

CAUTION

TO INSURE PERSONNEL SAFETY, THE INTERLOCK SWITCHES MUST BE

INCORPORATED INTO THE EXTERNAL PARTIAL DISCHARGE DETECTION

SYSTEM CIRCUITRY, AND THE HIGH VOLTAGE LEAD MUST BE GROUNDED AT

ALL TIMES THAT THE TEST FIXTURE IS INACTIVE.

5.3.1 General. The following procedure has been prepared to acquaint the user with the

fundamental operating procedure of the test fixture antd to assist in obtaining the

maximum performance from the system which includes the Parnial Discharge Detection

System. For best results, ASTM or military specified procedures must be adhered to.
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5.3.2 Preliminary Preparation.

CAUTION

THE VOLTAGES PRESENT IN THIS SYSTEM ARE DANGEROUS TO LIFE. USE

EXTREME CARE WHEN OPERATING.

a. Clean the test fixture high-voltage test compartment with alcohol to eliminate all

grease, oiis and debris. Remove the test fixture electrodes and test chamber.

b. Ground the Partial Discharge Detection System, (PDDS) power separation filter

high-voltage terminal.

c. Connect the test fixture interlock in series with the PDDS interlocks.

d. Connect the test fixture ground to the PDDS power separation filter ground

terminal.

e. Connect the test fixture high-voltage lead to the PDDS power separation filter high-

voltage terminal. Adjust the high-voltage lead to exit through the center of the te-it

fixture rear opening.

f. Close the test fixture doors. Check operation of interlock system.

g. Do not remove the PDDS power separation filter ground until the system is ready

for checkout.

5.3.3 Checkout. Remove the PDDS power separation filter ground. Slowly increase the

voltage in 10 kv steps to 60 kv. Monitor the PDDS output detector and MCS and record

any partial discharges at each step. Slowly decrease the voltage to zero. Open the test

fixture doors. Ground the PDDS power separation filter high-voltage terminals.

5.3.4 Operation.

a. Install the test chamber in the test compartment, insert the banana plugs into the

high-voltage and low-voltage terminals in the base of the test compartment.

I,•" ";•;€', %,• •'•' l"• •, "'"J" • • '•''"•'•'-i I• . . . .



b. Install the test fixture in the test chamber, and insert the banana plug on the base of

the test fixture into the high-voltage terminal in the test chamber. Insert the

banana plug attached to the upper electrode lead into the ground terminal banana

plug in the base of the test chamber.

c. Insert the test specimen into the fixture.

d. Fill the test chamber with liquid until the liquid covers the top side of the upper test

fixture electrode.

e. For test specimens not requiring oils the test fixture may be installed in the test

compartment without the test chamber. Connect the two tet'minals as though the

test chamber were used.

f. Remove the ground from the PDDS power separation filter.

g. Close the test fixtui .! doors. The insulation system is ready to test.

h. Starting at the low kv range on the PDDS, adjust the high-voltage output as

specified in the PDDS test procedure.

i. At the conclusion of each test, the PDDS voltage shall be reduced to zero, the PDDS

power separation filter high-voltage terminal grounded, and the test fixture

interlocked doors opened.

i! j. Remove the test specimen and prepare for the next test.

5.4 Partial Discharge Verification Tests. Partial discharge tests were performed to

verify the high-voltage merit of the test fixture, the partial discharge test facility, and

the test article.

5.4.1 Test Requirements. The following requirements apply:

a. Atmospheric pressure: 100 + 20 kilopascals.

4 b. Temperature: 250 + 50 C.
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c. Relative humidity: 50% to 90%.

d. Corona free test voltage. The test voltage shall be 0 to 30 kV dc or 10 kV rms

at 60 Hz or 400 Hz.

e. Rate of application - the test voltage shall be raised unifo. .nly from zero to 50

percent of test specimen rated voltage in not lass than 5 seconds; from 50

percent to maximum rated voltage the rate of rise shall not exceed 500 volts

per second.

5.4.2 Test Specimen. The test specimens used in the verification test program are

described in this paragraph. Three, rcund, brass, flat-surfaced electro'de pairs with

rounded edges, listed in Table 5.2-1, were used in the test. Each electrode pair was

encapsulated in a clear silastic, RTI/ 615. The RTV 615 was not outgassed so that bubbles

,Aould appear during the curing prozess. A photograph of the electrode pair is shown in

Figure 5.4-1. Electrode spacing between the electrode pair is shown in Table 5.4-1.

TABLE 5.4-1: ELECTRODE SPACING

Electrode Electrode

Diameter Spacing

I inch Cm I inch Cm

2 5.08 0.2 0.508

1 2.54 0.15 0.381

0.25 0.635 0.05 0.127

5.4.3 Tests. Partial dis.:harge tests were made at 60 Hz and 400 Hz. The te;t articles

were cleaned with alcohol to remove grease and debris accumulation, and then installed in

the test fixture. The test procedure listed in paragraph 5.4.1 was followed.

5.4.4 Test Results. The pertinent test results are shown in Table 5.4-2. Each electrode

pair was tested for inception voltage (CIV) extinction voltage (CEV), and for partial

discharges within the voids between and on the surfaces of the electrodes. The number

partial discharges at the picrocoulomb levels indicated in Table 5.4-2 were taken at the

initiation voltage for one minute acquisition time. The test articles were not subjected to
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a dielectric withstanding voltage to eliminate the probability of damage to the

dielectrics.

5.4•5 Analysis. The test data shown in Figure 5.4-2 and Table 5.4-2 indicate that the

extinction voltage is slightly higher for 400 Hz than for 60 Hz. This can be caused by

several factors: the time the partial discharges are allowed to occur between inception

and extinction, the size of the voids and the magnitcde of the inception voltage, and

instrumentation error. The 60 Hz and 400 Hz values will move closer together with added

testing until there will be little difference in the two values.

Another notable result is the very low picocoulamb (PC) values for the one-inch diamaeter

electrode pair. This was due to the smaller and fewer voids in the material, that is, the

larger the void, the higher the voltage required to discharge across the void and the

greater the capacitance of the void.

tt
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6.0 TEST ARTICLES

6.1 Introduction. Engineering criteria documents were developed for eight components

for high-power, high-voltage airborne systems on contract F336•5-77- C-2054, "High

Voltage Specifications and Tests (Airborne Equipment)" in 1977 and 1973. The eight

criteria documents were written in accordance with military specifications for: cables,

cable assemblies, capacitors, connectors, converters, power sources, and transformers and

inductors.

Included in each criteria document were high-voltage tests and test parameters based on

insulation design parameters and engineering judgment. In this program eight test articles

were selected which represented components or component parts for the components

discussed in the criteria documents. The selected test articles are:

Cable
Cable Assembiy

Connector

Alternator Coil (Section)

Transformer Coil

Capacitors

SEach test article was tested for one or more of the following:

Insulation Resistance

Dielectric Withstanding Voltage

Pulse Voltage

Partial Discharges (Corona)

In most cases, the test article was tested for capacitance to determine the loading for the

partial discharge test facility. Section 6.2 of the document is devoted to the description

of the test articles. Section 6.3 is devoted to the test plan., including the test parameters.

The test data is in Section 6.4 and a correlation of the test results and parameters set

forth for similar test articles in the criteria documents, and changes to the criteria

document test procedures and parameters.
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6.2 Test Articles. The eight test aeticles were either purchased from or supplied by

manufacturers of high-voltage, high-power components for high-voltage, high-power

equipment.

6.2.1 Cables, Cabie Assemb'y and Connector. One connector assembly and one cable

assembly were purchased from Contractor A. The cables were constructed with a

semicon layer extruded over the inner conductor, the primary insulation extruded over the

inner semicon layer and an outer semicon layer, extruded over the primary insulation next

to the shield as described in the cable criteria document, AFAPL-TR-79-20R4, "High

Voltage Specifications and Tests". The connector and shield termination was molded onto

the cable as described for the connector in the connector criteria document. The primary
insuclation was EPR, the semicon layers carbon-filled EPR, and the outer jacket neoprene.
The 90kV cable assembly is designed to be tested as a cable when the connector mating

half is disconnected. Test configurations are described in Table 6.2-1. A photograph of

the 90kV (A-I and A-2) cable assemblies with connector unmated is shown in Figure 6.2-1.

The unmated cable assembly A-2 and Connector A-.3 are shown in Figure 6.2-2. A two-

connector cable assembly of the same design is designated A-4. Other cable assemblies

that were subjected to partial discharges are showrn in Figures 6.2-3 and 6.2-4. Two

special cables (Figure 6.2-3), rated 17 Kv dc, were supplied by manufacturer A for test

and evaluation at high-voltage. The connector on the right hand side of the photograph is

not bonded to the cable shield. This design made it possible to obtain data for the cable

A-5, connector A-6, tt~e cable assembly A-7.

A 75 Kv dc modulator cable is shown in Figure 6.2-4. A (used) mating connector was also

available for test (Figure 6.2-5). The cable is used in an operational system and has an

accumulation of more than 2 x 10 impulses. The purpose of this test was to determine

damage and/or life degradation to the cable assembly by use. The new cable assembly is

designated A-8, the old cable assembly A-9, and the connector A-10.

26
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Figure 6.2-3: Special Cable Assembly, Rated 17 k Vc

• -i

Figum 6.24: Modulator Cable Assembly, Rated 75 kVdc
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TABLE 6.2-1: CABLE ASSEMBLY TEST CONFIGURATION

Configuration Part Test Article Voltage Rating

Designation K Vdc

Cable A-1 Cable Only 90

Cable Assembly A-2 Cable and Connector 90

Connector A-3 Connector with 60
High Voltage Lead

Cable Assembly A-4 Cable with two 60
Connectors

Cable A-5 Cable Only 17

Connector A-6 Connector Orly 17

Cable Assembly A-7 Cable with One Connector 17

Cable Assembly A-8 New Modulator Cable 75

Cable Assembly A-9 Used Modulator Cable 75

Connector A-10 Modulator Cable Connector 75

6.2.2 Capacitors. Three, cylindrical, plastic-cased, high-voltage capacitors were

purchased from Ccntractor B a.id one rectangular metal-cased capacitor was supplied by

the U.S. Air Force from Contractor C. The electrical and physical parameters of the

capacitors from Contractor B are listed in Tables 6.2-2 and 6.2-3. A photograpl of the

capacitors is shown in Figure 6.2-6.

-f,
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Table 6.2-2: Electrical Parameters Of Capacitors

Voltage
Part Capacitance, Rating, U.Jse

Unit Contractor Designation Microfarads kV

I B B-1 0.005 100 Filters withI low-ind'tctance
and high-peak
current capacity.

2 B B-2 0.005 100 Low inductance
and dissipation
factor for high
current, high
rep-rate, fast
pulse discharge
operation.

3 B B-3 0.001 80 Low inductance,
high peak opera-
tion up to 10"
shots with rep-
rates to 100 PPS.

4 C C-1 2.2 15 High energy
density for use in
PFN with
repitition rates to
300 PPS.

Table 6.2-3: Fniysical Characteristics Of Capacitors

Part Length Width Diameter Height

.Un•t• Designation Inches Inches Inches Inches Configuration Case Terminals

I B-I 17Y - 2% - Round Phenolic 2

2 B-2 25 31 - Round Phenolic 2

3 B-3 13Yz - I - Round Phenolic 2

4 C-I 6 4 - 6 Rectangular Metal 2
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Figure 6.2-6: Capacitors

figtre 6.2-7: Two Coils Mounted on a 34 hich Wooden Jig as i an Afternator Stato
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6.2.3 Alternator Coil. Three straight sections of an alternator coil and a test jig with

two full sized alternator coils were obtained from Contractor D for test. One coil was

mounted on the jig in phase A position, the other coil in phase B position as shown in

Figure 6.2-7. Each straight section and coil is insulated as in the final alternator

configuration consisting of six square tubular copper coils sections as shown in Figure

.. 2-8, without the 0.039 to 0.056 inch .aper insulation. The conduc.tor insulation is double

glass, nominal 10-mil build. The coil is half-lap wrapped, nominal 6-mil Fusa-FabR

polyester and glass tape. The wedge adjacent to the coil in Figure 6.2-8 is not part of the

coil. Wedges are cut to fiL the actual gaps between coils; bhe wedge will be :imulated by

placing strips of 6-mil Fusa-FabR polyester between adjacent coils during test. The rated

voltages for the generator are:

o coil-to-coil 2.8 kV

o phase-to-phase 29.6 kV

0.166

WEDGE

F .:o o INCHES

Fiui 6.2-8: Coil Cron Section
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6.2.4 Pulse and Power Transformers. Two two-winding pulse transformer and one two-

winding power transformer coil were obtained from contractor E for test. The insulation

system in all three transformers is traniformer-oil impregnated Nomex film. A

photograph of the power transformer E-1 windings is shown in Figure 6.2-9. The

electrical stress across the ir.sulation system is 125 to 350 volts/mil, well within the

recommended rating for the materials. A list of the transformers tested is shown in Table

6.2-4.

TABLE 6.2-4: PULSE TRANSFORMERS

Primary Secondary

Part Voltage Rating

Configuration Designation Kv Peak Kv Peak

Power Transformer Coil E-1 0.23* 0.004

Pulse Transformer Coil E-2 20 200

Pulse Transformer Coil E-3 20 200

Pulse Transf.ormer E-4 - -
Pulse Tr.Aisformer E-5 -

*(20 kV

Insulation

Primary to

Secondary)

Two other pulse transformers E-4 and E-5, were tested. Their rated voltages were

unknown. Photographs of these transformers are shown in Figure 6.2-10 and 6.2-11.

6.3 Test Procedure. Each test article was tested in accordance with the test procedures

outlined in the High Voltage Criteria documents using test equipment delineated in either

the appropriate Military Standards, Military Specifications, ASTM Standards, or the High

Voltage Criteria Document. The specific test procedure and test equipment are detailed

for each test.

6.3.1 Insulation Resistance. When tested for insulation resistance at a potential ot 500 +

50 Vdc, the minimum insulation resistance shall be greater than 1000 megohms.

.,.3.1.1 Procedure. Each component identified in paragraph 6.2, in turn, shall be attached

to an electrical circuit and a potential of 500 + 50 Vdc shall be applied between the high
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Figure 6.2- 1 t: Pulme Transformer E-5
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voltage terminal and ground, or to the generator coils between adjacent coil groups. The

potential shall be applied for a period of one minute, minimum. However, if a stable

reading is obtained in less than one minute and the results are in excess of 1000 megohms,

the minimum allowable, the test may be terminated.

During the energization period, the insulation resistance shall be measured and shall be

iMOO megohms, minimum.

6.3.1.2 Connections. Electrical connections shall be made to the test article terminals as

described in Taile 6.3-1.

TABLE 6.3-I: ELECTRICAL CONNECTION•;S

TEST ARTICLE CONNECIONS

PART

CONFIGURATION DESIGNATION POSTIVE NEGATIVE

Cable A- 1 Center Conductor Shield

Cable Assembly A-2 Cent-!r Conductor Shield

Connector A-3 Cen _r Conductor Shield

Cable Assembly A-4 Center Conductor Shield

Capacitor B-1 (W)Terminal (-)Terminal

Capacitor B-2 (e)Terminal (-)Terminal

Capacitor B-3 (W)Terminal (-)Terminal

Capacitor C-I (W)Terminal (-)Terminal

Alternator Coil Section D-1 Conductor #1 Conductor #2

Alternate Coils D-2 Phase A Phase B

Transformer Coil E-I Primary Secondary
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6.3.1.3 Instruments. Insulation resistance shall be measured with certified calibrated

instruments. Approved instruments or equivalent are listed in Table 6.3-2.

TABLE 6.3-2: INSTRUMENT FOR MEASURING INSULATION RESISTANCE

Instrument

Function Manufacturer Model

Insulation

Resistivity General Radio GR 1862C

6.3.2 Capacitance. When test articles are tested for capacitance, the capacitance shall

be within + 1.0% of the specified value.

6.3.2.1 Procedure. Each component identified in Paragraph 6.2, in turn, shall be attached

to an electrical circuit and tested for capacitance as specified in MIL-STD-202, Method

305. A frequency of 100 Hz shall be applied between the active terminals or parts.

6.3.2.2 Connections. Electrical connections shall be made to the applicable test articles'

terminals as described in Table 6.3-I.

6.3.2.3 Instruments. Capacitance shall be measured with the certified calibrated

instrument or equivalent, as shown in Table 6.3-3.

TABLE 6.3-3: CAPACITANCE MEASURING INSTRUMENT

Instrument Manufacturer Model

Capacitance ESI ESI 270
Bridge

6.3.3 Dissipation Factor. The three capacitors listed in Table 6.2-2 shall be tested for

dissipation factor. The dissipation factor shall be less than 0.050 + 2 percent

instrumentation error.
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6.3.3.1 Procedure. A component identified in Table 6.2-2 to be tested for capacitance

shall be connected to an electrical circuit and tested for dissipation factor per AFAPL-

TR-79-2024, (Appendix C, Paragraph 6.7.11). A frequency of 100 + 10 Hz at a voltage riot

to exceed 20 percent of the capacitor rated voltage shall be applied between the active

terminals listed in Table 6.3-1.

6.3.3.2 Connections. Connections shall be made to the capacitor terminals as de;cribed

in Table 6.3-1.

6.3.3.3 Instruments. The dissipation factor shall be measured with the certified

calibrated instruments or equivalent, as shown in Table 6.3-4.

Table 6.3-4: DISSIPATION FACTOR MEASURING INSTRUMENT

Instruments Manufacturer Model

Capacitance

Bridge ESI ESI-270

6.3.4 Dielectric Absorption. The three capacitors, B-I, B-2, and B-3, listed in Table 6.2-

2, shall be tested for dielectric absorption. The dielectric absorption time shall be within

15 minutes.

6.3.4.1 Procedure. Each component identified in Table 6.2-2, in turn shall be attached to

the electrical circuit of Figure 6.3-1.

R1 S

_ I
I --- --- - - -

Figure 6.3-1: Typicl P'odwtion Dielectric Aaoiption Teat Circuit
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The capacitor shall be charged at 50 percent of the dc voltage rating for 2 hours + I

minute. The initial surge current shall not exceed 50 milliamperes. At the end of this

period, the capacitor shall be disconnected from the power source and discharged through

a 5 ohm + 2 percent resistor for 10 1+ seconds. The discharge resistor shall be

disconnected from the capacitor and the recovery voltage shall be measured with an

electrometer or other suitable device having an input resistance of 10,000 megohms, or

greater. Recovery voltage shall be read at the maximum voltage within a 15 minute

perioc. The dielectric absorption shall be computed from the following formula:

V1

d= -x100
"V2

Where:

d Percent dielectric absorption

V1  Maximum recovery voltage

V2  = Charging voltage

6.3.4.2 Capacitor Connections. Connections shall be made to the capacitor terminals as

described in Table 6.3-1.

6.3.4.3 Instruments. Dielectric absorption shall be measured using the certified

calibrated instruments, or equivalent, listed in Table 6.3-5.

TABLE 6.3-5: DIELECTRIC ABSORPTION MEASURING INSTRUMENTS

Instrument Manufacturer Model

Power Supply TRYGON M 160-5A

Electrometer Keithly 610BR

Timer Craylab 167
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6.3.5 Dielectric Withstanding Voltage (DWV). The test articles listed in Table 6.3-6 shall

be tested for DWV. When tested to the specified test parameter for one minute, there

shall be no evidence of breakdown, arcing, or other visible damage to the test article.

TABLE 6.3-6: DIEUECTRIC WITHSTANDING VOLTAGE PARAMETERS

Test Part Rated Test Test Voltage kV
Article Designation Voltage kV Freg. #1 :#2 #3

Cable A-I 90 DC 108 125 144

Cable Assembly A-2 90 DC 108 125 144

Connector A-3 60 DC 72 86 100

Cable Assembly A-4 60 DC Not ": *ed - -

Capacitor B-1 LOO DC 160 180 200

Capacitor B-2 100 DC It.: 180 200

Capacitor B-3 80 DC IG 145 160

Alternator Coil D-1 2.8 60Hz 2.8 3.2 3.6
Sections

Alternator Coils D-2 29.6 60Hz 35.5 41.5 47.4

Power Transformer E-1 20 60Hz 20 28 45

Pulse Transformer E-3 10 60Hz 16 - -

6.3.5.1 Procedure. Each test article listed in Paragraph 6.2, in turn, shall be connected

to a high-voltage electrical circuit per MIL-STD-202, Method 301. The component shall

be tested in accordance with MIL-STD-202, Method 301, with the test parameters listed in

Table 6.3-6. The curation of the test shall be one minute _+ 5 seconds. Leakage current

shall be measured and plotted for each coil insulation configuration. Coils shall be tested

with 1, 2, and 3 strips of insulation between coils. Connections shall be as shown in Table

6.3-1.

6.3.5.2 Instruments. DWV shall be measured using the certified calibrated instrument, or

equivalent, listed in Table 6.3-7.
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TABLE 6.3-7: DIELECTRIC WITHSTANDING VOLTAGE INSTRUMENT

Instrument Manufacturer Model

250Kv Power Supply Universal Voltronics BAL200-18

6.3.6 Pulse Test. Each component listed in Table 6.3-8 shall be subjected to pulse tests

separated a minimum of 20 seconds apart. Testing shall be discontinued if there is

evidence of breakdown, arcing, or other physical damage to the test articles.

6.3.6.1 Procedure. Each test article listed in Table 6.3-8, in turn, shall be connected to

an electrical circuit as specified in IEEE Publication, Number 4, 1978, ANSI C-57, or

ANSI C-93. Test points shall be as shown in Table 6.3-1. The pulse voltage levels shall be

as sho",' in Table 6.3-8. The pulse voltage profile shall be as specified in the above

mentioned IEEE Publication Standard and similar to that shown in Figure 6.3-2, using an

instrument such as that described in Table 6.3-9.
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TABLE 6.3-8: PULSE VOLTAGE PARAMET ERS

Part Peak Voltage

Test Article Designation Minimum kV Maximum kV

Cable A-i 120 200

Cable Assembly A-2 120 200

Connector A-3 80 120

Cable Assembly A-4 80 120

Capacitor B-I 120 200

Capacitor B-2 120 zoo

Capacitor B-3 100 160

Capacitor C-I 10 i5

Alternator Coil D-1 4 10

Section

Alternator Coil to Coil D-2 42 105

Transformer Coil E-1 Primary 20 40

Secondary 200 320

Pri-sec 28 56

1.0 - - -

; 0.9

NORMALIZED
TEST 0.5
VOLTAGE

0
1.2 50

TIME - MICROSECONDS

Figure 6.3.2: BOaic Insulation LevWe Teat Voltae Pro ile
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TABLE 6.3-9: PULSE TEST INSTRUMENTS

INSTRUMENT MANUFACTURER MODEL

Marx Generator LISAF

2-7 Stages

0.3 MFD - 0.1 MFD

35KV - 225kv

Voltage Divider Hipotronics RVD 1000

Power Supply Hipotronics 8100-25

Storage Oscilloscope Hewlett-Packard 1744A (100 MHz)

6.3.7 Partial Discharges. The test articles listed in Paragraph 6.2 shall be tested for

partial discharges. When tested for partial discharges to the specified test parameters,

there shall be no evidence of breakdown, arcing, or other visible damage to the test

article.

6.3.7.1 Procedure. Each test article listed in Paragraph 6.2, in turn, shall be connected
to the high-voltage circuit of a partial discharge test facility and test-r !'or partial

discharges and/or corona. Capacitors shall be tested with dc voltages only. The cable,

connector, and cable assembly shall be tested with ac and dt: voltages. AC voltages (rms)

shall be 35.5% of the dc voltage. Generator *and transformer coils shall be tested with ac

voltages only. The following details shall apply.

(a) Magnitude of test voltage - 100% component rated voltage;

(b) Nature of potential - dc or ac, as applicable to the test article;

(c) Duration of application of test voltage - partial discharges shall be measur-.d

for 60 seconds after the operating voltage is atta.ned. Voltage shall be

increased from 0 to operating test voltage at a rate. of 00 volts per second. A

dead-time of 15 seconds shall elapse between the time rated voltage is

attained and partial discharge data is accumulated for dc partial discharge

test articles;

(d) Points of application of test voltage - as specified in Paragraph 6.2;

(e) Examination after test - the test article shall show ro visible damage;

":, Partial discharges shall not exceed more than one discharge per minute above

10 pc. Partial discharges greater than 1000 pc are unacceptable. Partial
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discharges within the test article shall be calculated per ASTM D1868 or

ASTM D3382-75.

6.3.7.2 Instruments. Partial discharges shall be measured using the corona test facility

located at the U.S. Air Force Aero Propulsion Laboratory AFWAL/POOS-2, which

includes a 17000-3 Partial Discharge Detector, a 150 kV (17187- 2) Power Separation
Filter, 400 Hz (17189-1) Power Separation Filter manufactured by 3. G. Biddle Co.; an

ND60 Nuclear Data, Inc., Multichannel Analyzer; and a 150 kV 400 Hz Power Supply

manufactured by Hipotronics.

6.4 Test Data. The eight test articles were tested for insulation resistance, capacitance,

and dielectric withstanding voltage using the test procedures and equipment delineated in

Paragraph 6.3.

6.4.1 Insulation Resistance. The insulation resistance test data is shown in Table 6.4-1.

Insulation resistance was measured at 500 volts, dc.

TABLE 6.4-1: INSULATION RESISTANCE

Insulation
Part Resistance,

Test Article Designation Megohms

Cable A-I, Connector Unmated 2.0 x 106

Cable Assemblies A-I, Connector Mated 2.0 x 106

Connector A-2, Connectcr Mated 2.0 x 106

A-3, Connector Unmated 2.0 x 106

Capacitors B-I 1.25 x 105

8-2 1.0 x IG6
B -3 5.6 x 105

Transformer Coil E-1 1.O x 10

Two alternator coil sections -mere tested in four configurations; 1) in parallel, 2) in

parallel with one strip insulation 3) in parallel with two strips insulation; and 4) in parallel
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Aith three strips insulation. The insulation strips are 6-mil Fusa-FabR polyester material.

The strips are 0.88 inch wide and 20 inches long. The insulation resistances for four

configurations are shown in Table 6.4-2.

TABLE 6.4-2: ALTERNATOR COIL INSULATION RESISTANCE

A
Configuration insulation Resistance
Insulation Strips Megohms

0 7 x 105

I I x 106

2 2 x 106

3 2 x 10

6.4.2 Capacitance. The capacitance of each test article is shown in Table 6.4-3.

TABLE ',4-3: CAPACITANCE

Test Article Part
Configuration DesiRnation Capacitance

Capacitors B-1 0.00499 mfd

B-2 0.00484 mfd
8-3 0.00102 mfd

Cable A-i Connector Unmated 173 pfd

Cabie Assemblies A-I 177.5 pfd

Connector A-2 170.5 pfd

Cable A-3 Connector Unmated 16) e: I

Aiternator coil sides (parallel with insulation strips)

0 strips 320.8 pfd

; strip 268,8 pfd

2 strips 229.8 pfd

3 strips 203.8 pfd
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6.4.3 Dissipation Factor. The dissipation factor for each capacitor is shown in Table 6.4-

4.

TABLE 6.4-4: CAPACITOR DISSIPATION FACTOR

Part
Designation Dit.sipation Factor

B-I 0.0020

B-2 0.0040

B-3 0.0015

j
6.4.-4 Dielectric Absorption. The dielectric absorption was measured by energizing the

capacitors to 100 volts dc. The percent dielectric absorption is calculated by the formula:

V I x 00
V

Where:

d Percent dielectric absorption

VI = Maximum recovery voltage

V2  = Charging voltage

Test results are shown in Table 6.4-5.

TABI E 6.4-5: DIELECi RIC ABSORPTION

Dissipation
Part Absorption

Designation Percent

B-i 2.1%

B-2 2.2%
2. B-3 2.7%
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6.4.5 Dielectric Withstanding Voltage. Each test article was subjected to the dielectric

withstanding vol:ages shown in Table 6.3-6 using the instrument shown in Table 6.3-7.

The test results are shown in Table 6.4-6. The laboratory report data is shown in

Appendix A.

TABLE 6.4-6: DIELECTRIC WITHSTANDING VOLTAGE TEST DATA

Test Voltage

Test Part Rated Passed
Article Designation kV kV

Cable A-I Connector Unmated 90 dc 144 dc

Cable Assembly A-2 90 dc 144 dc:

Cable A-3 Connector Unmated 60 dc 100 dc

"Connector A-3 60 dc 100 dc

Cable Assembly A-7 17 dc 27.2 peak

Capacitor B-I 100 dc 200 dc

Capacitor B-2 I00 dc 200 dc

Capacitor B-3 80 dc 160 dc

Pulse Transformer E-1 (HV to LV Coils) 20 peak 45 peak

Pulse Transformer E-2 20 peak 22.5 peak

Alternator Coils D-1 Phase-to-Phase 29.6 rms 24.7 rms

Alternator Coils D-2 25.4 rms

(Arc Over)

Insulation Layers

(between sections)

0 2.8 rms 6 rms

1 2.8 rms 6 rms

2 2.8 rms 6.4 rms

3 2.8 rms 6.8 rms

Dielectric withstanding voltage measurements were taken in a step series with 10 seconds

hold at each of the lower voltage leveis and one minute hold at the highest voltage. All

test articles passed the dielectric withstanding voltage test except the alternator coils, as

it is specified in the High Voltage Specification Criteria documents. The voltage levels

for all items other than the alternator coils are shown on the laboratory data sheet in
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Appendix A. The alternator coils were tested at normal atmospheric temperatures and

pressure rather than in a pressurized vessel. Thus the arc over at 25.4 Kv.

6.4.6 Pulse Test. Each test article listed in table 6.3-8 was subjected to the pulse test

voltages shown in Table 6.3-8 using the equipment shown in Table 6.3-9. The test results

are shown in Tables 6.4-7 and 6.4-8.

TABLE 6.4-7: PULSE TEST DATA

TEST
TEST PART VOLTAGE

ARTICLE DESIGNATION KV STATUS

Cable A-I 120 Failed

Cable Assembly A-2 120 Failed

Connector A-3 75 Failed
Retest 34, 45 Passed

60 Failed

Cable Assembly A-4 34, 50 Pass Failed
68 Connector Joint?Capacitor B-I 110 Pass
165 Failure Borderline

Capacitor B.-2 58, 92, 110 Pass
155, 210 Damage Indicated

Capacitor B-3 51 Pass
48 Fail

Capacitor C-I 7, 12.6, 14.5 Passed

Pulse Transformer E-I Secondary 200 Failed
to ground

Pulse Transformer E-2 Primary to 6 to 31 Failed
ground

Pulse Transformer E-2 Pri to Sec 64 Passed (chopped wave)

TABLE 6.4-8: ALTERNATOR COIL SECTION PULSE TEST DATA

Alternator Coil Sections Pulse Test Voltage, kv
Insulation Layer Pass Failed

0 - 8
1 8 10

2 11 13
3 13 - V
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The cable assemblies, cables, and connectors failed to meet the specified surge voltage
test requirements due to flaws in the connector insulation system. The damaged
connectors on configuration A-3 was removed and the cable submerged in oil and tested.
It subsequently failed the pulse test by arcing between the shield and conductor across the

two-inch insulated surface.

Four capacitors were pulse tested. Capacitor C-I passed the 200% pulse test, the other

capacitors failed at much lower voltages. Capacitor C- I was designed for pulse
application. The low-voltage breakdown for capacitors B-,I and B-3 indicates overstress
during the dielectric withstanding voltage test. Test data for the test articles listed in
Table 6.4-7 is attached as appendices B and D.

Two transformer coils were pulse tested. The first coil failed when the first surge was
impressed across the secondary winding. The second coil was used for subsequent tests.
The coil passed the primary to secondary test but failed the primary winding test. The
test data is recorded in Appendix C.

The alternator coil sections were pulse tested with and without insulation strips. A fact
pulse was used for this test, having a 500 nanosecond rise to full voltage (negative) and a
fall to near 0 voltage in 2.5 microseconds as shown in Figure 6.4-1. The coil sections
were short (approximately 20 cm long) low-inductance test articles. These short pulse
tests give a higher surge stress to the insulation system. The test data are shown in Table
6.4-8 and Appendix C.

Photographs of a pulse voltage applied to an alternator coil with good insulation integrity
and high pulse voltage capab lity are shown in Figures 6.4-1 and 6.4-2. Breakdown is
indicated by loss of the original wave shape, such as an oscillation (Figure 6.4-2).

An alternator coil test Jig with two coils mounted on the jig are shown in Figures 61-3
and 6.4-4. A side view with the intercoil insulation slabs in place between the upper and
lower coils halves is shown in Figure 6.4-3. An end view of the insulation slab is shown in
Figure 6.4-4. Kaptan tape was placed over the edges of the insulators to lengthen the
tracking st~rface distance. The two spaced coils represent the two phases of the
alternatcr. The pulse waveform was applied between phases (coil A and coil B).
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Figure 6.4-71: Generator Coil, &2 Negety iw A,b

Vertial: 2kV/div, HoifronW: 5lX0s/dlv.

51t



-. ~~ F.M77- .

52



I SD

53



Verification tests were made on the insulation slabs. The slabs, 6" x 6" x 1/2", were

placed between a 7/16-inch diameter rod and a 2 1/4 inch diameter Rogowski surface and

tested. A photograph of the test fixture electrodes and the test fixture with a slab in

place is shown in Figures 6.4-5 and 6.4-6, respectively. The test results for the coil tests

and insulator tests are shown in Table 6.4-9.

Table 6.4-9: As.ernator Coil and Insulation Pulse Tests

Test Pulse Test Voltage kV
Article Passed F ailed

(Flashover)

Alternator Coils

(Phase-to-pha.se)

Ai" insulation 30 35

Solid insulation 56 61

Insulation (rod gap)

Specimen b 1 65 80

Specimen b,2 90 100

The coils successfully passed a 200% surge test but failed the specified 340% specified

surge test. The test report is attached as Appendix D.

The cable assembly A-7, was connected such that the cable A-5t connector A-6, or cable

assembly could be pulse tested. The test results are shown in Table 6.4-10. To pass the

test, the pulse height had to be equal to or greater than 34 Kv peak. The test article in

all three configurations passed the test. The connector failed when the test voltage was

purposely increased to 300% rated voltage (50 Kv peak).
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Figure 6-4.5: Test Fixture Ekcof

-" i

Fiure 6.4-6: Tnt Fixture With $fob in Plce Redy for PuA Tat
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I
TABLE 6.4-10: CABLE ASSEMBLY PULSE TEST DATA

Test Part Test Voltage

Article Designation KV Peak Status

Cable A-5 35 Pass

Connector A-6 35.5 Pass

Cable Assembly A-7 34.1 Pass

50.

Connector

failed

6.4.7 Partial Discharge Test. Each test article was subjected to either the ac or dc

partial discharge tests delineated in Paragraph 6.3.7.1 prior to the pulse test unless

otherwise indicated, using the instrumentation specified in Paragraph 6.3.7.2. Test results

for the cables, cable assemblies, connectors and capacitors using direct current are shown

in Tab'e 6.4-11. The laboratory test data for these items are tabulated in Appendix F.

The pulse height count criteria were determined by tesi at rated dc and ac voltage.

For those unrated test articles the counts were determined by test at the partial

discharge initiation voltage. The spectral counts collected by the pulse height analyzer

are ',ery high in the lower channels (low pc values). The test criteria was that channel

which was a crossover from high density counts to low density counts. That is, where the

number counts per channel dropped to a value less than 3% of the maximum counts per

channel in the lower channels. This crossover point is indicated by the column "counts at

PC" in the tables starting with 6.4-11.
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TABLE 6.4-11: DC PARTIAL DISCHARGE TEST DATA

Number of partial discharge/second at rated voltage - post pulse test

Pulse Height - PC
Test Part Test
Article De .;.gnation Voltage, kV Highest Coua,. at PC Count over PC

Cable A-I 75.3 40 5 20 43 20

Cable Assembly A-2 Connector Breakdown

Connector A-3 60.3 4 15 3 0 4

Cable Assembly A-4 30.3 5 40 4 0 4

Capacitor B-I 100.1 40 2 20 22 20

Capacitor B-2 99.7 4 5 4 0 4

Capacitor B-3 Breakdown Occurred at 2.5 kV

Capacitor C-I
Prepulse 15 1 0 1 0 1
Postpulse 15 2 1 2 0 2

The alternator coils, strip were tested with three 6-mil Fusa-FabR polyester strips

between the insulated conductors. Each conductor is wrapped with nominal 10-mU build

glass epoxy. The ac initiation and extinction voltages are tabulated in Table 6.4-12. In

addition, the counts/minute at the specific partial discharge magnitude and pulse height

analyzer channels are recorded in Table 6.4-13.
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TABLE 6.4-12: GENERATOR COIL INITIATION/EXTINCTION VOLTAGES

Test Insulation* Initiation Extinction
Thickness, Voltage, Voltage,
mils kV kV

1 I 38 2.9 2.6
2 38 2.9 2.7
3 38 2.85 2.75

*Between conductors

TABLE 6.4-13: GENERATOR COIL PARTIAL DISCHARGE COUNTS/MINUTE AT 2.9kV
USING THE PULSE HEIGHT ANALYZER

Picocculombs, Analyzer
PC Channel Counts/minute

20 19 87
40 56 92
60 94 78
80 129 52
100 166 42
200 333 8
350 498 1

The pulse transformer, E-2, was dc partial discharge tested before pulse testing, following9 the primary to secondary winding pulse test, and after the primary winding pulse test.

The test results are recorded in Table 6.4-14.

i'4

C Cs
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Table 6.4-14 Pulse Transformer, E-2, dc Partial Discharge Test Data

Pulse Height - PC
Test

Voltage
kV highest Counts at PC Counts over PC

Before Surge Testing

20 0.6 0 0 0 1

28 12 75 5 81 5

45 20 10 10 43 10

Post Primary-to-Secondary Surge Test

20 1 1 1 0 1

28 20 5 10 21 10

Post Primary Winding Surge Test

20 12 3 10 7 10

28 15 1 10 4 10

45 20 1 20 0 20

Partial discharge data were taken at 60 Hz and 400 Hz for the cables, connectors, and

cable assemblies listed in Table 6.4-15. These data were taken at voltages exceeding the

partial discharge inception voltage level in most cases. In all cases the highest

picocoulonb readings exceeded the specified limits in the criteria documents. When the

data was taken at a value less than the extinction voltage (CEV) the highest PC's were

within the specified limits (See part A-2, Table 6.4-15).

The ac and dc partial discharge data are compared for cable assemblies in Table 6..-16.

The higher inception voltage and the non-varying voltage greatly decreased the pulse

height and counts for the dc voltages.

Partial discharge data were taken for three pulse transformers using ac voltage. The test

data is shown in Table 6.4-17.

6.5 Discussion of Test Results. Test data are discussd and analyzed in the following

paragraphs. The High Voltage Criteria Dccuments listed as Appendices in AFAPL-TR-
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2024, "High Voltage Specifications and Tests (Airborne Equipment)", April 1979, will be

updated using the information obtained from the test data.

6.5.1 Test Objectives. The primary objective for the testing was to determine the

acceptable test limits for airborne high voltage components. The secondary objective was

to evaluate each type of test and determine whether it is a destructive test or an

evaluation test.

Tested components were to be unqualified commercial devices that may be tested to

destruction to meet the above goals. The destructive tests were dielectric withstanding

voltage and pulse tests.

6.5.2 Insulation Resistance. These tests are usually taken at low voltage (500 volts dc or

less) and are used to determine the probability of short circuits and the current rating of

the power source required for high-voltage dc testing. Components and short cable

assemblies usec4 in airborne and airborne-support high-voltage systems should have

insulation resistance readings exceeding 500 megohms. All test articles exceeded that

value.

Insulation resibtance values specified in the criteria documents are compared to the test

data as shown in Table 6.5-1. These data show that the values specified in the documents

are much lower than the values obtained for the test articles. This implies that the

criteria document data should be increased to the values shown for "New Criteria

Document Values" in Table 6.5- .
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TABLE 6.5.1: INSULATION RESISTANCE

';teria Test New Criteria
Components Part ".,cument, Data, Document Value,
Test Article Designation Megohms Meohms Megohms

Cable A-I Not 2X10 6  l0xo6 /ft. length
Specified6

A-3 2X10

Cable Assembly A-I 500 2X106 IXO16/ft. length

Capacitors B-I 50,000 1.25X1O0 1X1O0

B-2 I.OX0 6

B-3 5.6XI0

Connectors A-2 500 2.0X10 6  1X106

Alternator Coil D-1 Not 0.7 to 2XI06  1X1O0
Specified

Transformer Coil E-2 Not 1000 1000Specified

6.5.3 Capacitance and Dielectric Absorption. These tests are component rating

verification tests used to evaluate the component quality. No changes are required for

the criteria documents.

6.5.4 Dielectric Withstanding Voltage. The values listed in the High Voltage Criteria

documents must be modified. Although all the components passed the specified dielectric

withstanding voltage (DWV) tests, the capacitors were damaged by the test as determined

by the high partial discharge readings. The cable assembly, cable, and connector test

values are acceptable as recorded in the criteria documents. The compared data and new

data are shown in Table 6.5-2.

Each test article should be tested for partial discharges before and after the DWV test to

further evaluate the probability of damage to the test article.
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TABLE 6.5-2: DIELECTRIC WITHSTANDING VOLTAGE (DWV)

Component Rating, Test Voltage Proposed
Test Part kV Specified, Passed, Value, % Rated
Article Designation DC kV kV kV Voltaxe

Cable A-I 90 144 144 144 160
A-3 60 100 100 100 160

Cable Assembly A-2 90 144 144 144 160

Connector A-3 60 100 100 100 160

Capacitor B-I 100 200 200 160 160
B-2 100 200 200 160 160
B-3 80 160 160 128 160

Alternator Coil D-1 2.8 3.6 3.6 4.5 160
Sections

Phase-to-phase D-2 29.6 48 24.7(air) 48 160

Pulse E-2 20 40 45 32 160
Transformer

6.5.5 Pulse Test. More information was gained fromn the pulse tvst than from the DWV

test. First, the values specified in the criteria documents are too high, and second, a high

voltage pulse may permanently damage the insulation system in the vicinity of a bonding

flaw. Pulse test data corrections to the criteria documents are shown in Table 6.5-3.

j

65I



Or- : .. . o ,, - •. .

TABLE 6.5-3: PULSE TEST COMPARISON

Components Rating, Test Voltage Proposed
Test Part kV Specified, Passed, Value, . Rated

Tet___ nqin_ RC- kV kV k otg
Article kV kVif______

Cable A-I 90 360 120 180 2i0
Ca l failed

36 10 120 200Cable Assembly A-2 90 210 6i

failedCal seby A-4 60 210 50 120 200

C abl A ss m bly6 8

failed

210 45 120 200
Connector A-3 60 60

failed

Cable A-5 17 34 35 34 200

Connector A-6 17 34 35.5 34 200

CableA-7 17 34 34.0 34 200

CbeAssembly A- 750aie

216
failed

B-1 100 400 110 175 175

failed
B-2 too 400 1.0 175 175

B-3 s0 400 51 190 175

failed

C-1 15 60 14.5 26 175

Alternator Coil D-1 2.8 5.6 II 5.6 200

Sections

Phase-to-Phase D-2 29.6 106 50 60 200
Phase-60 failed

Pulse Transformer E-2
Primary to Ground 20 32 6 failed

Secondary to ground 200 320 210failed -"

Pri-to-sec 20 32 64 2 -
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The proposed values for the components are easily justified since each of these items
must be capable of withstanding the normal line transients imposed upon these

components. Crowbar circuits and vacuum tube (when used) shorts can generate transient

peak values of 160% normal line voltage (Reference 2). In addition, insulation systems

should be capable o! withstanding short duration peaks (less than one second) 20% higher

than the one minute DWV peak voltage.

Examples of a cable assembly insulation system damage by pulse testing are shown in

Figures 6.5-1 through 6.5-5. The first example shows the damage to test article A-2, a 90

kV cable assembly.

The cable assembly A-2 was tested to 120 kV peak. Following the test, the west dat s
waveform indicated an insulation breakdown. The cable was examined and a puncture was

visible at the cable shield termination, Figure 6.5-1. The termination was dissected and

the insulation flaw was found to be between the primary insulation and the shield

extending into the primary insulation toward the inner conductor, Figure 6.5-2. In Figure

6.5-3, the delaminated insulation system is exposed. Shown is a crack and a very dark

spot where the arcing occurred. The bright area indicates au unbonded section near the

shield termination - an air filled void.

The second cable assembly A-4 also failed the pulse test. Following the test, the cable

was examined for visual failure. A smokey haze was found on the connector termination.

The termination was unassembled and the parts examined. In Figures 6.5-4 and 6.5-5 are

"shown :he inner surface of the connector shell and the braid. Both show indications of the

internal insulation failure. The insulation was badly charred between the braid a•id inner

conductor.

Cable assembly A-7 was submerged in a container filled with transformer oil as shown In

Figure 6.5-6. The test article was connected as a cable by connecting the connector shell

to the center conductor. In this configuration it passed the 34 Kv pulse test. It was then

configured to test the connector by connecting the cable center conductor and shield

braid to the high-vol1kage test terminal. Again it pai-red the 34 kV pulse test. The last
configuration was to apply voltage to the cable assembly. That is, ground the cable braid

and the connector shell and apply the pulse to the center connector. The cable assembly

passed the 34 kV pulse test. When subjected to a 50 kV pulse test, the connector arced

Reference 2. "Transmitter Transient Study"
Boeing memo, 3. Fitch to W. G. Dunbar
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Figure 6.5.4: Cabk.Asw'bly A4 Pulse Taft FaMilur

Showing Rasid, on the Connector Shel

Figure 6.54.5 Failure Occurred Between 5red avd Canter ConcA veor
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Fibure 6.&6.- Covmwor A--^ yijor to Au., Breakdomw Tast

Fig,, 6.&5.: C.M. Asumbly A-7 Prior to Pain
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over as indicated by the oil bubbling and swirling in Figure 6.5-7. A few minutes later the

destroyed connector part and carbon was visible as shown in Figure 6.5-8. Photcz of the

connector before testing (Figure 6.5-9) and after testing are shown in Figures 6.5-10 and

6.5-11. Note the 0-rings and insert insulations were destroyed by the 50 kV pulse.

Pulse Transformer. Pulse tests should not be applied through the pulse transformer

secondary coils. The high inductance of coils prohibits an even voltage distribution across

the turns of the coils. Most of the pulse will be across the turn near the pulse initiation

terminal, with the per unit volts per turn decreasing toward the grounded termination.

The primary coil is purposely wound with low inductance (few turns) and resistance am'

must respond to a direct applied pulse.

Insulation between turns, coils and the core are designed to withstand the surge voltage

stresses. Therefore, external pulse tests should only be applied to the primary and to the

insulation between:

a) primary to secondary,

b) primary to ground (core),

c) secordary and primary (tied together) and ground (core).

Applying a pulse voltage to the secondary of the pulse transfcrmer coil resulted in a

failure which was caused by the unequal distribution of voltage across the turns in the

winding as shown in Figure 6.5-12 to 6.5-l8. The high inductance of the turns to the wave

front (high-frequency) started an arc from the high voltage termination and half way

across the insulated surface of the insulation where it penetrated the insulation between

turns (Figure 6.5-12). Photos of the insulation damage to the three layers insulation are

shown in Figure 6.5-13. The first layer (outer) turns sustained damage on both ends of the

winding as well as damage through the three insulation layers (Figure 6.5-14). As the arc

penetrated the coil, it damaged all tne insulation between winding layers as shown in

Figure 6.5-15 through 6.3-18.

Insulation testing between coils (primary and secondary) and between coils and the

core/ground did not result in extensive damage. Likewise, the primary is designed to

accept the stresses applied by the pulse voltage.
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Figure 6.5-8: Breakdown of Connector A-6 Under Oil With 5 V ChaW
Applied From the PuA Test Carcuit

Figure 6.5-9: C-RaJe Assembly A-7 After 50kV Puls Test
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fimur@65-1O: Front View of CowextwA.6 After 5E0V~sua Tast

IA

ftre && 11: Dkmtionof Connec~tor A-6 After Pu~ela reskdova Tast
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Fil9ure 6.5-12: Nonm L~y BWW l 1st awd 2ad $ecotndm

Layerl W'rdi4no Showirp Cerbonind Path
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Figum 5.6-13: Unwo~und Nonwx Between 1st and 2nd Secondvy Layer

Windings Sho~ang Puncturws and Carbonized Path
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Figure 6.5-14: Secondwy L 9yer Winding Showing Initiation of
Arc Points o.n Either End of the Winding

II

Figure 6.5I5: Secondwy Layer Winding Showing Inception
and Termination Points of *th Arx

76



Figur*v6.& 16: Unwo~und Nomex Betiwen 3rd and4th S~wo~y
Layer Wird/np Shiowfigte A Pncture

Fip~re 6.54 7.: Secondary Layer WindAV With 41 ultip Punctures
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Secondary winding pulse testing should be accomplished by an induced voltage test. The

over-voltage pulse test to the primary would also be over-voltage pulse test to the

secondary simultaneously, it would also test the insulation between the windings along

with the insulation between the winding and the primary/secondary to core (ground).

Alternator Phase Coils. Two coils were installed on an alternator rotor jig as shown in

Figure 6.4-3. The fiberglass epoxy spacers were placed between Xhe coils to simulate the

insulation system in an alternator. During the test it was found that extra surface was

required to prevent surface tracking at high voltage. This extra surface was developed by

adding Kapton insulation to tht edges of the spacers.

The test voltage was calculated in accordance with the newly revised IEEE test standard

as published a't the 1981 Power Engineering Society Winter meeting as shown below.

The test results show that the insulation system is acceptable at 60 kV peak using the 1.2

microsecond rise pulse. These test results should be considered a worst case analysis

because the windings in the actual machine would be completely potted.

For a 1.2 microsecond pu'se the test voltage should be:

t 1.2 microseco'id

V2 = 0.t + 1.9 per unit surge voltage

= 0.5 (1-2) + 1.9

= 2.5 per unit

V2 = 2.5M 7 VL

= 2.5"•M3 X 29.6

= 60.2 kV

Calculated value = 60.2 kV

Test value 56 kV pass

61 kV pass

Reference 3, "Impulse Voltage Strength of AC Rotating Machines", IEEE Committee

Report, PES Winter Power Meeting 1981, Paper 8IWM 182-5.
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Since there was trouble with the test setup, it was decided to test the insulation slabs

which were used to separate the coils. The two test slabs passed 65 kV and 90 kV,

respectively. Specimen #1 was tested and some tracking burns existed on the slab.

6.5.6 Partial Discharge Test. The partial discharge test data indicate that test articles

damaged by DWV or pulse testing have vcry high partial discharge test signatures. This is

an indication that more voids or insulation separations exist either by delamination as in

the case of cable assemblies, or by the liquid being forced from weak areas within the

capacitor foils. All capacitors, cables, and cable assemblies that indicated pulse test

damage had higher than normal picocoulomb readings.

6.5.6.1 DC Tests. A capacitor with no indication of pulse test or DWV test damage (C-I)

had very low dc picocoulomb readings. Likewise, connector A-3 had very low dc readings.

The actual test data shown in Appendix E has a multitude of counts at picocoulomb

readings less than 0.6 picocoulomb. Most of these counts were caused by laboratory

background noises generated by transformers, wiring, and other electromagnetic

interference from electronic systems within the unshielded portion of the laboratory. The

large power supply used for high-voltage testing was unshielded.

Listed in Table 6.5-4 are the dc partial discharge specified values, test values, and new

values proposed to update specifications for the eight test articles. Only three
specifications require change.- capacitors, alternators, and transformers. The open coils

of the alternator will permit E ,aeration of greater quantity and magnitude of partial

discharges. The capacitor maximum peak values should be reduced to 100 pc rather than
iOOO pc to be more consistent with the other test values achieved. Likewise, the

transformer peak values based on dc testing should be increased.

6.5.6.2 AC Tests. The generator coils, pulse transformers, and cable assembly listec in

Table 6.5-5 were tested for partial discharges using ac voltages. The generator coils are

insulated with a glass impregnated matrix with the edges of each coil exposed to

atmospheric conditions. Therefore, partial discharges will be generated within the glass

matrix and in the air space across the coil edges. These values may approach or exceed

400 picocouiornbs. These large readings, although undesirable, will not damage the glass

matrix insulation within the alloweble 100 to 1000 hours lifetime of the insulation system.
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In a large system there will be several ac and dc voltage levels. The k-omponent

evaluation testing indicates the higher voltage components will have hither picocoulamb

signatures than the lower voltage components, that is, the higher the test article rated

voltage, the higher the number of counts and the higher the maximun. picoc.-ulomb partial

discharge. A value of 2 PC/KV is reasonable for large, long cables and very la-ge

transformers with life less than 1000 hours. For longer life components the couit and

picocoulomb ,alues must be reduced to I PC/I'V or less.

Indications of carmage or life degradation were shown in Table 6.4-15 for the tests made

on cable assemblies A-S and A-9. Cable A-8 is a new cable and cable A-9 is a cable
previously subjected to 2x10o pulses. The tests indicated only background noise at 9-4 KV

for the new cable (less than 10 PC) and 12 counts at 5-0 PC for the used cable. The latter

is a true indication of damage to the cable. From these data it can be assumed that an

increase of 10 times the new component pc signature is an indication of damage. An

increase of over 100 times the new component pc signature is an indication that the

component is approaching end-of-life.

Typical pc signatures for cable assembly A-7 at 6 KV and 7.4 KV and 400 Hz are shown in

Table 6.4-15 and Figures 6.5-19 and 6.5-20.
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Rated Voltage 17 kVdc
Applied Voltag 6 kVac
Frequency 400H4z4
Elapsed Tite so$

600

SET PLO~ PICOCOULOMBS

ADD MLC I RNAi 13514
CFS LOG NRC 2s0 PMA 8

Table 6LS-19: Cable Assembly A.7NPcocoulomb Sign tume
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Rawe Voltagle 21 kVdc

Frequency 400HNZ
Elapsed Time G0$

La 1000

10

M7PLOT PIOC=ULOMBSRE

GRP 2 CCH 222 :--I
-fDMLC I iuXA 52612KCP~S LOG MRC 4mv PBA 0

Table&6&20: Cab.!- Assembly A-7Picocoulomb SfgnitureO
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7.0 CONCLUSIONS

Based on the iest articles evaluated in this program, the following summary

statement, overall conclusions, and results are presented.

0 The high-voltage test articles were subjected to the insulation resistance,

capacitance, dielectric withstanding voltage (DWV), pulse, and partiai discharge

tests as specified in the High Voltage Criteria Documents published in the USAF

document AFAPL-TR-79-2024. It was found that the insulation resistance and

ci.pacitance test methods and parameters are acceptable. The partial discharge and

dielectric withstand'ng voltage test methods are acceptable but the parameters

must be revLed, and the pulse test parameters must be revised.

0 1The dielectric withstanding voltage parameter must be reduced to 160% component

rated voltage.

0 The pulse peak voltage must be limited to 2G0% component rated voltage. In

addition, the pulse test time-voltage wave shape must be revised to the acceptable

limits of test equipment and instrumentation. However, if more realistic wave

shapes cannot be determined due to lack of system definition, the standard 1.2 X 50

micro second pulse shall be used.

0 A new test sequence should be followed. The sequence should be:

insulation resistance

capacitance

partial discharge

dielectric withstanding voltage

pulse

partial discharge

o Based on the test results in this program, components passing the DWV and pulse

tests should pass the second partial discharge test with less than 20% increase in

maximum picocoulomb partial discharge magnitude and total number of counts in a

one-minute test period.
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o Partial discharge magnitudes for the generator coils must be much higher

than for shielded or contained components, such a-- cable assemblies and capacitors.

Picocoulomb values t; 500 pc are acceptable for the glass matrix materials.

o Generator cable assemblies and connectors must be tested separately and remain

within the acceptable limits for the components.
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APPENDIX A

DIELECTRIC WITHSTANDING VOLTAGE

Two cable assemblies, three capacitor, and two alternator coil segments were tested for
dielectric withstanding voltage. The test results are shown in Table A-1. The coil

segments were insulated as described in Paragraph 6.4.5. In addition, FUS-A-labR

polyester and glass tape strips 6 mils thick were placed between the insulated surfaces to

simulate the alternator coil wedge spaces.
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APPENDIX B

PULSE TEST DATA FOR CABLES AND CAPACITORS

.4-

Two sets of pulse data were taken. High voltage pulse test to 225 kv peak were conducted
by Technology/Scientific Services, Inc. personnel in the Electromagnetic Hazards Test
Facility, AFWAL/FIESL, Wright Patterson AFB, Ohio, for the cables, cable assemblies,
capacitor, and connector. The generator coils were tested at the Boeing Lightning
Laboratory. Both sets of data are in this Appendix.
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TECHNOLOGY SCIENTIFIC SERVICES, INC.
A SUBSIDIARY OF TECHNOLOGY INCORPORATED

P. 0. Box 3065, Overlook Branch. Dayton, Ohio 45431
Tel. (513) 426-2405

November 20, 1980

TEST RESULTS OF TEST ARTICLES - CONTRACT No. v23615-79-C-2067.

LIST OF TEST EQUIPMENT USED:

A Marx Generator: 2-7 stages used, .35pfd - .lufd, 35 KV-225 KIV.

A Hipotronics Voltage Divider: Model RVD 1000

A Hipotronics Fower Supply: Model #8100-25

A Hewlett-Packard Storage Oscilloscope: Model #1744A (100 MHz).

A schematic of the test setup is shown in Figure 14.

TEST ARTICLES AND RESULTS

#1. Cable Assembly, (A-2) and connector, A-4 (60 Kv)

Initial charge on the Marx generator was set for 120 KV as
per test plan. ("Test Articles", Boeing memo 2-3743-OSWS-426.
27 October 1980).

The oscillograms show that thle cable broke down at 75 KV.
(See figures B1 and B13).

Figure Bl. Vertical: 25 KV/div Horizontal: 5pisec/div
Oscillogran of First Shot onto Cable Assembly
(=75 1V).
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Figure 0,2. Vertical : 25 KV/div Horizontal: 5psec/div
Oscillogram. of #2 shot to Cable Assembly with
#1 Breakdown Point Put in Liquid Freon. (=-75 KV)

The connector was removed from the end of the cable assembly
and the HV end was tested with the open end of the cable in the
freon. Figures B3-R6 show the resulting impulse test results. •

- ,.. y - •

SFigure83. Vertical: 10 KV/div Horizontal: 2usec/div
An Oscillogram of the Impulse Applied to Connector
With Cable Open End in Freon. (-=34 KV),o•:
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FigureB4. Vertical: 20KV/div Horizontal: 2usec/div
A Repeat of Shot #3 to Verify Voltage Level(=34KV).

~!

FigureB5. Vertical: 10 KV/div Horizontal: 2usecidiv
Increased Voltage Applied to Connector Assembly
"and Cable Open End in Freon ( 45 KV).
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Figl':e B6. Vertical: 20 KV/div Horizo-,tal : 2lisec/div
Breakdown Voltage Waveform on the Connector
and Cable Assembly with Open End of Cable in
Freon. f= 60 KV).

#2. The 40 KV Cable (A-4) and End Recepticles

A single pulse of 51 KV potential was ,.pplied to the assembly
and it broke down at an estimated level of 43 KV. A poor quality
trace was recorded on the oscilloscope whic-H prevented an oscillo-
gram from being obtained.

13. Capacitor 8-3

The Marx Generator was set up to discharge with a 51 KV
peak voltage impulse waveform across the capacitor. The capacitor
broke down prior to that level. Oscilloscope camera problems
prevented an oscillogiaph of the results.

#4. Capacitor B-2

The initial test level on this capacitor was just under 60 KV.
Due to previous corona testing it was felt that some dielectric
polarization had taken place; since the B-2 capacitor
had gone at such a low voltage. Thus the negative end of the
capacitor was attached to the Marx. The Marx was being fired
with a negative pulse. Figures P7-R_ show the applied voltage

95



5

impulse waveforms on the capacitor.

Figure B7. Vertical: 20 KV/div Horizontal: 2psec/div
Initial Pulse Applied to Capacitor 9-2,
Peaking at Approximately 58 KV.

Figure 88. Vertical: 20 KV/div Horizontal: 2psec/div
Second Level of Applied Voltage to Capacitor

B-2 Peaking at -92 KV. Note: Slight
Breakup in Decay Side of Waveform.
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Figure B. Vertical: 50 KV/div Horizontal: 2psec/div

Third Voltage Level Applied to B-2
Peak Voltage =110 KV. No Break up of Waveform
Noted.

I

ai

Figure B10. Vertical: 50 KV/div Horizontal: 2usec/div

Fourth Level of Applied Voltage to B-2

Peak Voltage :%155 KV. The Spiking Seen on the
Decay Side is Due to Observed Arcing in the
Discharge Circuit of the Marx Generator.
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Figure B11. Vertical: 50 KV/div Horizontal: 2psec/div
The Last Shot of Applied Impulse Voltage to
Capacitor B-2 of Approximately 210 KV.
Note Just at the Peak the Waveform Breaks Up.
It was Felt That This Would be About The Upper
Limit For the Dielectric Hold Off.

#5. Capacitor B-i
The capacitor was set up similiarly to the B-2 and it was

checked to ensure that the negatively static tested lead was
attached to the Marx Generator output. The initial level was
about 100 KV. (See FiguresBl2 andBl3).

FigureBI2. Vertical: 50 KV/div Horizontal: 2lisec/div
Initial Pulsed Voltage Waveform Applied to

B-2 =110 KV Peak.
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Figure B13. Vertical: 50 KV/div Horizontal: 2psec/div
The Second and Last Voltage Waveform Applied
to B-I with =165 KV Peak.
The Reason for the Last Shot is the Break Up of
the Waveform Indicating That the Level is Close
to Breakdown of the Capacitor's Dielectric.

1 Test Article

2 Fiber Optics Transmitter and
Attenuator

3 Fiber optics Receiver

4 Oscilloscope

5 Fiber Optics Cable

Voltage Divider

.35-.Iufd/

II .-4 . 41 440 0

Figure B14. A S.hematic Showing th1. Setup of the Marx Generator,
Test Article Locdtion, and Measurement System.
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#6. Hughes Capacitor - HJG864014, Serial #13 (2.2ifd - 15 KV)

The capacitance of the Marx generator proved coo low to cest
the Hughes capacitor, therefore, another generator needed to be
set up. This consisted mainly of a 4pfd, 50 KV capacitor and
discharge circuit. Figure 14a is a line drawing which shows the
resultant circuit used.

1 - HV Probe

2 - Gscilloscope

Figure 814a. A Schematic Drawing of the Circuit and Measure-
ment System Used During the 2.2pfd Capacitor Test.

No specification on applied waveform was given, so a one micro-
second front time with a 40-50 microsecond tail time was set up
without the test capacitor added. FigureBl5 shows the voltage
waveform measured across the Hughes capacitcr on the initial pulse
of 7 KV.

Figure 815. Vertical: 2 KV/div Horizontal: 5usecldiv
The Oscillogram of the Pulsed Voltage Waveform
Across the C-I , Serial #13 Capacitor,
7 KV Peak.

tootL i _ - - -- _~ - -~ - --- - 7 -~-- ---. -~-~-'----~--100
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Figure B15, shows a frequency riding the impulse of 100 KHz.
The exact cause is not clear but the internal inductance of the
two capacitors along with lead and connection inductance could be
sufficient to cause the ringing noted. The equivalent capacitance
would be 6.2pfd; with the 100 KHz signal, the inductance would be:

1
L - (2?rf) 2C ' 0.409ph

The 609 resistor in parallel with the two capacitors effective-
ly dampens out the oscillation in about 40 microseconds.

Another observation was that the cbarging voltage on the gener-
ator 4pfd capacitor was approximately 5 KV. There appears to be
a voltage addition involved.

Figure 16 brings out an interesting waveform which may help
to determine the addition mechanism. The charge voltage on the
generator capacitor was set for 10 KV.

Figure 816. Vertical: 2 KV/div Horizontal: 5psec/div
The Oscillogram of the Impulse Voltage as Applied
to Capacitor C-1 , Serial #13. The
Voltage Peak at 12.6 KV. The Oscillation is
Present and Also, a Change in Rate-of-Rise of the
Wavefront Can Be Seen.

The change in rate-of-rise is of great interest but an exact
explanation is beyond the scope of this report, unfortunately.

The next test level was determined to be 11 KV on the charge
capacitor which would keep us below the maximum rating of the Hughes
capacitor of 15 KV. Figure 817 is a series of five oscillograms
in repetition to determine if the shots close to maximum deteriorate
the dielectric of the capacitor.

101



A. J

#1 #2

1#4
#3 

#4

Figure 817. Vertical: 5 KV/div
Horizontal: 5psec/div

This Series of Oscillograms Shows
the Waveforms of the Impulse Voltage
Applied to the C-1Serial #13 Capacitor with the SameCharge 

Voltage 
Each Shot. 

No
Noticeable Deterioration in Waveform
Was Noted After the 5 Shots - Voltage
Peak 414.5 KV.

#5

John G. Schneider
High Volta e Test Engineer 102
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APPENDIX C

PULSE TESTS FOR ALTERNATOR COIL SEGMENTS

Boeing Laboratory tests using short straight segments of alternator coils with various

spacers, between coil segments, of 6-mil thick FUS-a-FabR polyester and glass tape.

Fast pulses, having 500 nanosecond rise time to full voltage (negative) a fall to near 0

voltage in 2.5 microseconds.
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Figure, C- 1: IIwwTap/rt Setup
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Generator Coil Generator Coil
Breakdown at 8.0 1 Layer Insulation
Vertical: 2000 V/div. Pass 8 KV
Horizontal: 500 ns/div. Vertical: 2000 V/div.

Horizontal: 500 ns/div.

Generator Coil Generator Coil
I Laye. Insulation I Layer Insulation
Pass 8 KV Breakdown at 10 KV
Vertical: 2000 V/div. Vertical: 2000 V/div.
Horizontal: 500 ns/dlv. Horizontal: 500 ns/div.
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Generator Coil Generator Coil
2 Layers Insulation 2 Layers Insulation
Pass 11 IKV Break~down at 13 KV
Vertical: 2000 V/div. Vertical: 2000 V/div.
Horizontal: 500 ns/div. Horizontal: 500 ns/div.

Generator Coil Generator Coil
3 Layers Insulation 3 Layers Insulation
Breakdown at 16 KV Breakdown at 13 KV
Vertical: 2000 V/div. Vertical: 2000 V/div.
Horizontal: 500 ns/div. Horizontal: 500 ns/div.
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APPENDIX G

PULSE TEST DATA FOR PULSE TRANSFORMERS AND ALTERNATOR COILS

Two sets of pulse data were taken. High voltage pulse tests were conducted by

Technology/Scientific Services, Inc. personnel in the Electromagnetic Hazards Test

Facility, AFWAL/FIESL, Wright-Patterson AFB, Ohio,

SECTION 1

Surge Test data of a pulse transformer (E-1).

SECTION 2

Surge Test data of a pair of alternator coils on a test jig.
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CTM-146-81-72

$TECH NOLOGY.'SCIENTIFIC SERVICES. INC.
A SUBSIDIARY OF TECHNOLOGY INCORPORATED

P.O. Box 3065, Overlook Branch. Dayton, Ohio 45431
Tel. (513) 426-2405

April 2, i981

TO: Boeing Aerospace Company
P.O. Box 3999 Mail Stop 8K-75
Seattle, WA 98124

SUBJECT: Pulse Transformer High Voltage Impulse Test

Introduction

This report describes the work performed under Purchase Contract
No. F95731 to Boeing through a subcontract with T/SSI. The task
entailed high voltage surge testing of a pulse transformer. The
tests that were performed followed the "Generator High Voltage
Test Procedure" (Boeing test procedure). The tests were in accor-
dance with U.S. Air Force technical document AFAPL-TR-79-2024,
High Voltage Specification and Test (Airborne Equipment, April 1979).

Test Set_ u.

The test called out two types of voltage waveforms to be used.
First a "full wave" was to be used. This is the standard impulse
test waveforr (1.2 x 40 ps). The second waveform is a chopped
version of the first.

Chopped indicates that, after a minimum amount of time on,
a spark gap is fired (usually at a preset level) to prevent
the full wave form being applied to the test specimen.

To perform this test, the 1.5 Megavolt Marx generator was
used with some modifications to meet the voltage requirements.
Also, a chopping gap was added to the output of the Marx to perform
that phase of the test. Figure 1 is a schematic of the test cir-
cuit used.

The pulse transformer test consisted of three phases. The first
phase was to check the performance from secondary high to secondary
low from approximately 200 17 to approximately 400 KV. The second
phase involved checking between the primary and secondary at 20 KV
to 60 KV. The third phase involved checking the primary high
to low hold off at approximately 20 KV.

Puring the initial set up of the transformer it was realized
that the air gap becween the output terminations of the trants-
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former could not hold off the test voltage. It was decided to put
the transformer into a dielectric container of transformer oil
(OT Insulation 0:1, Electrical, VV-I-530A, Class 1, GSA 9160-00-
685-0914, Gulf Oil Corporation). This was to help insulate the
leads to allow the test voltage to reach the coil.

Test Results

Figure D2 shows the set up used to test the transformer during
.• phase 1, se~condary high to low. The first shot was set,,up to fire

at 200 KV full wave; however, the Marx generator set up did not
fire, therefore, the voltage was increased to 210 KV total output
voltage (approximately 3 kilojoules of energy). Figure 3 shows
the result. Light can be seen from the windings of the transformer
and during the test a muffled explosion was heard coming from the
dielectric container. (See tableDl for summary of test results.)

Figure 0D2. Setup of Transformer for High Voltage Full Wave
Surge Test onto Secondary Windiig.
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Figure D3. Picture of Flash Due to 210 KV Surge PulseOnto Secondary Winding.

Phase 2 of the tesr4.ng is covered on test sheets 3-10.
Testing of the primary to s-..ondary isolation began
at a voltage of approximately 10 KV and increased to a peak of
approximately 56 KV. Figure 4a and 4b shows an oscillogram and
picture taken when a test apparatus capacitor blew during test number 4.

.111
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TABLE DI
Tabulation of Tests and Summary of Results

I
Test Test Waveform.
Configuration Number Peak KV Full Chop Remarks

Secondary High-
Secondary Low 1 210 x Breakdown 1st shot

2 210 x Waveform check

Primary to

Secondary 3 10 x
4 15 x Lost capacitor on

Marx(31) X Corrected & contin-

ued (Fig. 4a)

5 30 x 1 of 2 (2nd during
chop test).

6 37.5 x Arc to Bucket
(Fig. 4b)

7 48 x
8 56 x
9 56 x Hleld for -1.5us

10 64 x Held for .2.4ps

Primery High-
Primary Low 11 12 x Applied full wave-

form
12 12 x Chopped signal

recorded
13 12 x Chopped signal

recorded
14 6 x Signal still chopped
15 6 x
16 28 x Marx did not fire
17 28 x Chopped-carbon found

in oil
18 31 x Shows applied wave-

form (Fig. not
shown)
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FigureP4a. Waveform applied to Transfo -mr When CapacitorBlew causing a 31 KV Peak on Oscillation.

/V

!N

Figureb4b, Arc to Pail
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Phase 3 was a lower voltage also, 6 KV - 31 KV. The primary
high to low as impulse tested with a full wave (see FigureDS).

Figure D1. Full Waveform Used in Testing of Phase 3.

Recom-endat ions

The test procedure specified appears to be inadequate for a
test object of the type tested. It is recommended that the procedure
be reviewed prior to implementarion and modifying it as necessary
to cover the specific test item. Alternatively, components which
must pass the test procedure be configured differently than the
item tested.

John G. Schneider
High Voltage Test Engineer
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T/SSI TEST LOG

Test No. 1Task Date 3/18/81

Test Item-~ Boeing Transformer

TSee Figure 1

v= 17KV Ct -46 nF

V =210KV Lt

1=Rd= 180

R L 840 ---

HV
Scale Factors

f/o 1?PR2. Sec.

.f/o atten 100

atten 5 Vert. 20 UV Div.

VT) 600 Horiz. 2 - s/Div.

Remarks First shot did not fire at 16 KV charge. Charged to-17KV

and reshot - held for an instant then fired - transformer broke_

down and showed at chopped wave. Tested secondary - hijh side to-

output& owqd'd. output voltage through resistors -14 of j3..rlinjstors

Tnstrumentation Tektronix 555/preamp Type L

Test Supervisor J. Schneider Contract F95731
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T/SSI TEST LOG

Test No. 2 Task Date 3/18/81

Test Item Boeing Transformer

T% See Figure i.

p ,
1 im~m --,m

Vc 20KV Ct -_43nFI

=210KV Lt I -W

-__ R d 180

RL= 840

Scale Factors

f/o 17

f/o atten 100

atten 5 Vert. 1 KE /Div.

VD 600 Horiz. 2 us /Div.

Remarks A waveform picture so we could verify that we tested with

the correct waveform.

Tnstrumentation Tektronix 555/preamp Type L

Test Supervisor J. Schneider Contract F95731
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T/SSI TEST LOG

Test No. 3 Task Date 3/18/81

Test Item Boeing Transformer

VcM 20KV Ct - 46nF

v=I 1OKV Lt =

Ip_= R- 1740

RL- 60

Scale Factors

VD 600

atten 50

f/o 17 Vert. 20 mv /Div.

Horiz. 2 us /Div,

Remarks Waveform of voltage applied secondary to primary -

with primary grd'd. 10.2 KV/div

Tnstrumentation Tektrontx 555/preamp Type .
Test Supervisor J. Schneider Contract F95731
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T/SSI TEST LOG

Test No. ______Task Date 3/81

Test Itern Boeing Transformer

See

V 25KV C~ 7OnF

1;= R _

p d

Srale Factors

________ _______ Vert. 10.2KV div /Div.

S ______ Horiz. 2 P____/Div.

Remarks 1st shot blew capacitor - rearrange with 10 caps

Scale the same -off 2 resistor of 30

Tnstrumentation Tektronix 555/preamp Type L

Test Supervisor J. Schneider Contract_ F95731
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T/SSI TE'rzs'LOG

Test No. 5_._ Task Da, 3118/81

Test Item Boeing Transformer

TSee
TEST 3i51P&r

Vc- 25KV Ct 70nF

Vt= 30KV Lt =

I.= Rd=

RL=

Scale Factors

SvD 600

atten 100

f/o 17 Vert. 20 mV /Div.

Horiz. 2 jis /Div. Approx.20KV/div

Remarks Using 4 resistors of 30

Tnstrumentation Tektronix 555/preamp Type L

Test Supervisor J. Schneider Contract F95731
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T/SSI TEST LOG

Test No. 6 Task Date 3/18/81

Test Item Boeing Transformer

T See

,I.

I!
I.

V 25KV ct

V = 37.5KVLt I

Rd=

RL= -

Scae Factors

-Vi>. 600

attei\ 100

f/o \ 17 Vert. 20 mV /Div.

_ Horiz. 2 us /Div.

Remarks 5 of, 0 resistors

Something broke d . Arc to bucket - .11 ushot (B)

Tnstrumentation Tektron..X 555/preamp Type L

Test Supervisor J. Schneid" Contract F95731
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T/SSI TEST LOG

Test No. 7 _ Task Date 3/18/81

Test Iterm Boeing Transformer

V 25KV Ct=

48KV =--) L t =
Vp

Ip=- Rd=

'.RL= - -

Scale Factors

VD 600

atten 100

f/o 17 Vert. 20 mV /Di•.

___________ Horiz. 2 118 /Div.

Remarks 6 of 30 resistors

Tnstrumentation TektL'onix 555/preamp Type L

Test Superiisor J. S,-hneider Contract F95731
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T/SSI TEST LOG

Test No. 8 -Task Date 3/18/31

Test Item- Boeing Transformer

See

Vc-28KV Ct

V = 56'KV Lt

I~, Rd

R L=_-

Scale Factors

Vp 600

atten 100

_f/o 17 Vert. _ 20 MV /Div.

_______ ______ Horiz. 2 u's /Div.

Remarks Maximum rati of transformer

Tnstrumentation Tektronix 555/preamp Type L

Test SupervisorJ. Schneider ContractF95731
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T/SSI TEST LOG

Test No. 9 _ Task Date 3/18/81

Test Item Boeing Transformer

I: 4=__ Lt

12= R i

RL=

Scale Factors

VD 600

atten 100

flo 17 Vert. 20 mV /Div.

Horiz. 2 Ps /Div.

Remarks 7/30 resistor (20.4 KV/div)_

Test called for miniimum of 1.5 us before chop.

Tnstrumentation Tektronix 555/preamp Type L

Test Supervisor J. Schneider Contract F95731
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T/SSI TEST LOG

Test No. 1.0 -Task Date- 3/18/81

Test Itemi Boeing Transformer

T See

113

C'c 27 5KVCt =

v=_60KV L~ =
p

P R d

RL

Scale Factors

VD 600

atten 100

f/o 17 Vert. 20 TI Dv

_______ Horiz. 2 Ps -/Div.

Remarks 7/30 resistors

i'nstrumentation Tektronix 555/preamp Type L

Test Supervisor J. Schneider contract F95731
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T/SSI TEST LOG

Test No. 11,12,13 Task Date 3/19/81

Test Item Boeing Transformer

II

Vc= 26KV Ct = 70nF

Vp= 12KV Lt =
pt

Ip= Rd= 1200

RL = 120

Scale Factors

Vn 600 Pti Sec

atten 100

f/o 10 Vert. 20 mV /Div.

Horiz. _ • /Div.

Remarks 2 of 22 resistors - repeated since #1 showed chopped wave.

#3 of same - to insure it was hooked properly and the bucket was

not affecting results.

3 shots all showed the same results.

Tnsrrumentation Tektronix 555/preamp Type L

Test Supervisor J. Schneider Contract F95731
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T/SSI TEST LOG

Test No. 14.15 Task Date 3/19/81

Test Item Boeing Transformer

Tv

I I

V=26 Ct 70I

C .

v= 6KV Lt =p -

p Rd= 1260

RL= 60

Scale Factors

VD 600

_a________ _t- •en .0.
1/oi0 Vert. 20 mV /Div.

Horiz.j 2 _s /Div.

Remarks Low voltage, a slight change - longer tail-missed

#14 -ano osciljogrAM.

i of 22rxesistors on -he output

Instrumentation Tektronix 555/preamp Type L

Test SupervisorjL Schneider Contract F95731

126

:• •: .. • ,, •.,•• "• , . .. ....-_ -- • -• • .... -.', ,.. . . .+ ~ . ........ ~.. . a ,, . n_ • • .. na. ; . . . . • ••• • ,•... •,: - : ... . _- ,• ', •., : ,. - 4_!•:



T/SSI TEST LOG

Test No. 16,17,18 Task Date 3/19/81

Test Item Boeing Transformer

see 5~e~

*1 I

35KV c t 70

V 28KV Lt --

I= Rd= 1200
p d

RL= 120

Scale Factors

vT) 600

atten 100

f/o 10 Vert. 20 mV /Div.

Horiz. 2 Ius /Div.

Remarks ist time Marx didn't erect.

#17 is 35 KV charge - no waveform was obtained (?)

But some residue was found on the transformer oil. (carbon floauting)

#18 waveform app4*ed during 17.

Tnstrumentation Tektronix 555/preamp Type L

Test Supervisor J. Schneider Contract F95731
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APPENDIX D

SECTION 2

SURGE TEST DATA OF A PART

OF ALTERNATOR COILS
ON A TEST JIG
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CTM-146-81-72B .c -Zo1

"TECHNOLOGY/'SCIENTIFIC SERVICES. INC.
A SUBSIDIARY OF TECHNOLOGY INCORPORATED

P. O. Box 3065, Overlook Branch, Dayton, Ohio 45431
Tel. (513) 426-2405

May 11, 1981

TO: Boeing Aerospace Company
P.O. Box 3999 Mail Stop 8K-75
Seattle, WA 98124

SUBJECT: APPENDIX D - Additional Testing on Generator Coil
Test Jig

Background. The generator coil test jig was part of the original
test plan but was not available during the time frame allotted.

The jig contained two phases of the generator. An impulse
voltage waveform was applied phase-to-phase with a piece of dielec-
tric in between the phase wire windings. The impulse voltage
amplitudes were increased at approximately 20 KV per step. The

* original test shot was made at 40 KV.

Test Results. Attached at the end of this report are the original
dta- sheets from the tests. The first shot broke down around the
plexiglas insulation. The new epoxy and laminations to be used
in the generator did not fail.

The oscillogram on data sheet #1 showed a chopped waveform
as expect j when an arc shorts out the Icad impedance. The plexi-
glas piece was cleared and moved to a better location. Data sheet
#2 shows the full waveform applied to the test Jig with a 1 x 50i.-s
waveform.

However, starting with test #3, arc tracking began on either
the 'est piece of epoxy or the plexiglas pieces tried. finally
the test voltage was backed off to 50 KV peak and a full waveform
was recorded (see sheet #14). Small high frequency bursts on the
waveform indicate corona, meaning close to breakdown.

The epoxy piece was removed from the generator coil and
p aced on a sparK gap stand and further testing at highcr voltage
was performed.

Test sheet #15 shows full waveform at 65 KV peak and sheet
#16 shows the capped waveform at 90 KV peak. Test sheet #17
is at 80 KV peak and again showing a chopped waveform. Figure D6
shows the arc tracking around, but not puncturing, the epoxy piece.
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CTM-146-81-72B 2

FigureD6. Arc Tracking Around the Epoxy Test Piece.
(Shot #17).

The generator coil test jig was reattached to the Marx gen-
erator and phase-to-phase voltage hold-off with no added insulation
was tested. Shot #18 showed a full wave jith approximately 30 KV
hold-off. Shot #19 at approximately 35 KV peak chopped, iad4csting
the limiting value in air at approximately 30 KV.

The second day of testing was to evaluate a second piece
of epoxy insulation. One piece of epoxy insulation between each
crossing of the two phases. The first firing held at 45 KV; at
50 KV the waveform chopped (see test sheet 2a) and Figure D7 shows
the arc tracking the insulation.

Before the next shot some Kapton tape was added to deter
tracking around the edges of the epoxy. Test #3a shows a somewhat
higher hold-off at 56 KV but test #4a shows the waveform chopped
at approximately 61 KV, the upper limit of testing on the genera-
tor coil test jig.

The second epoxy piece was moved to the spark gap test stand
and test #6a through #10a show an increase in hold-off voltage
to 90 KV. Test sheet #lla shows the waveform chopped at approxi-.
Aately 100 KV. Figure 08 shows that the arc tracked around the epoxy
piece and did not puncture.
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CTM-146-81-72B 3

Figure D7. Arc Tracking Around Epoxy Insulation with
Epoxy Piece Between Both Coil Crossings.
(Shot #2a).

I.

Figure D8. Arc Tracking Second Epoxy Piece (Shot #11a).
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, CTM-146-81-72B 4

Comients. Many shots wo" taken during the test which proved to
Sibe unnecessary. Testing - small piece of insulation in the generator
coil test jig is not a justifiable way of evaluating the insulation.
All insulation material traces to a certain extent, thus the insu-
lator cannot be accurately tested unless two conditions are met:

1. Enough material must be used so that the tracking
does not occur prior to puncture,

2. If tracking is to be tested as well as puncture in a
test set up, then an accurate representation of the
insulation piece must be used.

JonG. Schneider
High Voltage Engineer

sk.
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T/SSI TEST LOG

Test Item' QA.5. .~ ~ f .. '. r

.0.

T°

-o iz - - -_ - - -/Di- - -v. - - -

IC

Tes SuP e isr_ Wotrc ._. .f,.l

cc

t P L t j. /

•v 4

RL-/=?

Scle actors

VON__ Vert. 1ý ___/Div.

Horiz. rj/Div.

Remarks

Trs trumei ta tion

Test Supervisor s C_ Contract_____________________
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T/SSI TEST LOG

Test No. -#.P Task Date- dI /

Test Item

T0

V I

IPM M

Vc=r.go , / Ct -,

"V1'"Y Lt =d

RL= OP -

Scale Factors

f/0
___ __,. __ ___o ",

/ ."' Dr_•., _ Vert._& e, /Div.

Horiz. Div.

Remarks

Tnstrumentation

Test Supervisor Contract

135
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F
T/SSI TEST LOG

Test No. 3 Task Date jL ",'X_

Test Item

TR

Ki~ C~ t

VpM Lt
YI=.I,,' Rd- V/.:
I~ AV'RL¶= ,•6

Scale Factors

_______ _____ 3
_______a Ver t.~~ CL /Div.

Horiz. " A n /Div.

Remarks v Ac ''g -w p JI ,

Instrumentation

Test Supervisor Contract
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Test No. TaskT/SSI TEST LOG Dt

Test NoIas at___________

V L

_ t

Ipw R d-jI-I-

Ra

Scale Factors

* '* ___ __ Vert. Pr $ /Div.

___ __ __ __ __ __ Horiz. - - p$(JC /Div.

Remarks /01 ey 7m~,s f? 'CRI4

Tns trumenta tion___________________________

Test SLiervisor ________ Contract_ _____________
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T/SSI TEST LOG

Test No. _ _ _ Task Date '/ I ?/"/

Test Item

- - .- -T
II

Vw =.23) k C
Vp- 60 kve Lt "

Y f. 1A RLd- Y~O

Scale Factors

4_TT_ r- Vert. P - V /Div.

Horiz. S" , /Div.

Remarks TA,*Ce•' • ,rE-r•. ^A ,

Tns trumenta tion

Test Supervisor Contract
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T/SSI TEST LOG

Test No.- -Task Date "4/ )/,PI

Test Item

IpI" I.

g I

-. -

I

RL=?•

Scale Factors

,-/.s __ __ _

A-!_____ __. _ Vert. k -rg /Div.

Horiz. •- •I•/Div.

Remarks

Tnstrumentation

Test Supervisor Contract
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T/SSI TEST LOG

Test No. _ _ Task Date .'/o.,/

Test Item

IV

T|

c CD~It - 7

I= ,__

p!
vp= A RLd=

i= RdL yo

Scale Factors

______ ___-Vert. Z4 KV /Div.

Horiz. x tI: /Div.

Remarks .1-r•- 7r.C,,E6 ,. , '," - t • ',"

Tns trumenta tion

Test Supervisor Contract

140
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T/SSI TEST LOG

Test No. _ Task Date L//• "

Test Item

I I,

Vp= 4 L

RL=__" "_

Scale Factors

, Vert. 30 / fDiv.

Horiz. S ,,5" . Div.

Remarks S7,'- r p - Ak-r a A g-

Tnstrumentation___

Test Supervisor Contract

141
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T/SSI TEST LOG

Test No. __ Task Date

Test Iter-

Vcm-aaI CtDfd

H phIp= j(.g _k= L-- t• 
•,

RLE=fo -- --

Scale Factors

_..2!r Vert.yo , ai_/Div.

Horiz. &JtC /Div.

Remarks S-L7 r/ ,/ag":

Instrumentation
Test Supervisor 

Contract

142
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T/SSI TEST LOG

Test No. /0 Task Date .. ,/

i U)

Test Item

pI =

- -...- - - -_ - - %- - - - n - - - ... .

RL= 14'o

Scale Factors

5., "', ..,•1

10

_______ -25F0 Vert.-~ 3r t /Div.

_LHoriz. /Div.

Remarks Ex *c*- ,4 9

Tns trumenta tion____________________________

Test Supervisor ________Contract______________
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T/SSI TEST LOG

Test No.. J -Task _____Date )I

Test Item~__________________ ___________

v-w.)ok' Ct my

Vp=60kV L

Scale Factors

j. 5__ ___ Vert. 3; IC~ /Div.

___ ___ _ _ ___ __ Horiz. _ottlgC /Div.

Rentarks- 5-ri -Lc- r Lq!lcoe ii-

Tns trumenta tion___________________________

Test Supervisor ________ Contract ____________
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T/SSI TEST LOG

Test No. -.'.• Task Date /, "

Test Item

Lit
vc=z2., 10g ct "7* 0 /

v•= RoW .
Ip= " '. Rd= 'V_'_

r ~RL- k

Scale Factors

,__-,___ ___0 Vert. IC kD'W/Div.
Hori7.. re rC/Div.

Remarks 1'! t C A C ta

Tristrumentation

rest Supervisor Contract
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T/SSI TEST LOG

Test No. Task Date 9

Tes Ite

I = 0 LtUu
pR

VRL= ?4------

Scale Factors

__ __ __ _ __ __ __ Horiz. /Dv

Remarks £I L A &C.ki -f -___At

Instrumentation___________________________

Test Supervisor ________ Contract______________
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T/SSI TEST LOG

Test No. __ _ __Task Date 'I "

Test Item

T

vCLV V, WCt= 7e-,- .
Vp-m~ AVN, Lt=
Ip t/ R-[_

I.= R? Rd 0 0 I

K r ~RL=/ 1

Scale Factors

,, _. .. . , .V e r t . v -' d / D i v .

Horiz. c • /Div.

Remarks •

Tns trume-ita tion

Test Supervisor Contract

147
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T/SSI TEST LOG

Test No. -____Task Date / -7,

Test Item

T

vp- 6.V Lt

Ip; Rd-_

- -__ _ -R - - - - - - - - -RL -

Scale Factors

%j ... a• Vert. 3 a k- v /Div.

Horiz. / .•s Div.

Remarks V2e• ve&t S'i4e 64•" -4 .'9", ..e4j ,'.?I ; "r

4- -0if. d72e

Instrumentation

Test Supervisor Contract
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T/SSI TEST LOG

Test No. ________ask____ -Date '

Tes Ite

VP L~ t

RL-___

2___ _ __V _ Vert. 30 /Div

RemarksWŽ ....

ns trumentation___________________________

Test Supervisor ________ Contract__________ ___
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T/SSI TEST LOG

T-st No.- ] Task Date ,'.• /

Test Iter _

I

Vc-r 11 Ct _

V p- FO Lt
Y Rd

Scale Factors

____ Vert. 3 ( oV/Div.

Horiz. -%* 4  P /Div.

Remarks 7r*o a)

Tnstrumentation

Test Supervisor Contract

150



T/SSI TEST LOG

Test No. )-__Task Date '

Test Item

C t -

Vc Ct

Vp-.foy kVL =

I ,.I,= Rd=1Pp

V RL=

Scale Factors

r i0,!o

S:•2 0Vert. 12- CV /Div.

Horiz. &,&C /Div.

Remarks p-4 C.*p Ge e *r a. Cat,. t • 1.,oA'S

Tnstrumentation

Test Supervisor Contract

,,,. Z222 a _



T/SSI TEST LOG

Test No. ______Task Date_ ",.,_,_,
/

Test Item

T

Vvc- 0 ct-
Vp= 1ý Lt=__

I;,= Rd_

RL"

LL

Scale Factors

- ,] 10

_________Vert. 3 JJ /Div.

Horiz. 5 j /Div.

Remarks JrL4 $t# 9*,'b.j

Tns trumenta tion

Test Supervisor Contract
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T/SSI TEST LOG

Test No. a,> Task Date ' /, •:f

I o

S~Test Item q

V-/ , c t P• F

Vp= v *V Lt =

pR= R___

RL= I0

Scale Factors

,25 Vert. ig kv /Div.

Horiz. • Sec /Div.

Remarks . : ..

Instrumentation

Test Supervisor Contract

153
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T/SSI TEST LOG

Test No. D_ (J' Task Date .- '. r)
Test Itex.i _

Ti

I[

Vcw= .o kv Ct

VP= 5-0v Lt =

I R d -- ---• .- -.

Scale Factors

_ .-, _, __ Vert. IC M'V /Div.

Horiz. .• 5tt !Div.

Remarks I/f I c:'4e r / A P .-r A c- A: ,r'I

Tnstrumentation

Test Supervisor Contract
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I/SSI TEST LOG

Test NO-~ 
--

Dt ~

Test Itevx__________________

V afO A'C
C _ _ _

L t

RI:

Scale FactorsV. ~~~~r 
_/Div_______

f/c? _______ 
Vert. -

____ 

loriz. 
Div___

Remarks

Tnst~rumlentation

Test Supervisor-



T/SSI TEST LOG

Test No. ____ __.Task Date -

Test Item

Vc= j-10 e' Ct =709_• f A

Ip= R

RL= -Sw=

Scale Factors

________•.0 _ __ Vert. 3 0 *-v /Div.

Horiz. A- •& /Div.

Remarks O7A4c#4D *f MTM , ID'

Tnstrumentation

Test Supervisor Contract

""56



T/SSI TEST LOG

Test No. ro- Task Date y , t

Test Item

II
!C

Vc _2?, g

__Vp= __!___Lt____________- ___"" _m" ___________,_l____
Sivp= &I_ rv L..m

d- 3•
RL-.~

Scale Factors

f

7-," 2____•__ Vert. 30 0',VI_/Div.

Horiz. 5 e'c/Div.

Remarks "**,&.'•rr ,'"', -e o',- "" A OP "ro ,E

Ins trumenta tion

Test Supervisor Contract
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T/SSI TEST LOG

Test No. 0 O Task Date .•t A/1, P1

Test Item

R,4=

R L

Scal FctIors~

S.• •D 6o

Ip= Rd= /Doiv

Scale Factors

___ "_____ __ Vert. _ _ R1 /Div.
________ _______ Horiz. S • _I/Div.

Remarks •_ ,__z *~ • '- *,--,,4~p'e9 ,• 1r-4f6 S a . •2ri ('

Tns trument ation____________

Tes t Supervisor _____ Contract______________
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T/SSI TEST LOG

Test No. 7____Task Date .' . ,

Test Item

TOW"*

VcM .1 C _

V pi3 = • L t

Y R-Rd go*"d 1 10
RL= i ~_ _ _ _ _ _ _ _ _

Scale Factors

y /0____________________E] __ ______°_____ _____

A, 2s0 Vert. __rw /Div.

Horiz. C _, /Div.

Remarks

Tnstrumentation

Test Supervisor Contract
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T/SSI TEST LOG

Test No. Task Date , ,, /

Test Iter_

T

Vc- " Ct =

VC= 10 Lt =

Y Rd-___

Scale Factors

__-,,.25. Vert. 31 ' /Div.

Horiz. r ___/Div.

Remarks

Tns trumenta tion

Test Supervisor Contract
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T/SSI TEST LOG

Test No. Task Date ~ '''v

Test Itemi _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

;r r 1/6 (/9 eL J -

Vp___L Lt

I;= Ro Lpd
I-____ -__

Scale Factors

0/

' " ______ Vert. 1 ± k /Div.

____ ___ _ _ ___ ___ Horiz. Cd*- /Div.

Remarks

Tnstrumentation_________________________
Test Supervisor ________ Contract_____________
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T/SSI TEST LOG

Test No. ________ask ____Date ~~A''j

Test Item__________________________

T

C -:

I?= -__ Rd -

R --------- ------------------------- - -

Scale Factors

F/a

*~ Vert. 3a ~ ' /Div.

______ _____ Hoziz. S Sec___Div.

Remarks _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Instruumentation____________________________

Test Supervisor ______ Contract_____________
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T/SSI TEST LOG

Test No. ij4.- Task Date ',, f

Test Item_

II

Voo, ' ~Vc-,L.6O Ct -

Vp)- ! Lt

Y __ R d 0--C-/

RL= 7

Scale Factors

___-, __ 5'o~ • Vert. $0 k€/ /Div.

Horiz. _L • / Div.

Remarks. 7A crC*f

Tns trumenta tion

Test Supervisor Contract
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APPENDIX E

PULSE TEST DATA FOR CABLE ASSEMBLY A-7 HIGH VOLTAGE

High voltage pulse tests for the cable assembly A-7, were concluded by
Technology Scientific Services personnel in the Electromagnetic Hazards
Test Facility, AFWAL/FIESL, Wright-Patterson AFB, Ohio.
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T/SSI TEST LOG ]
Test No. (". Task Date '

Test Item • 4.- cAP c

f i

V 
At

vp1= d kV
Ip= R~d= _I ~~~S -L S.--- - -------------------------------- - - -

RL• S.

Scale Factors

Vert. ______ /Div.

Horiz./, j' $ /Div.

Remarks- *'i 7 e

Tnstrumentation 6,.0 3- •,'c - .. -Ty -.-

Test Supervisor Contract
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T/SSI TEST LOG

Test No. /Task Date 3Q~~W

Test Item-

9p - L

RL

Scale Factors

___ ___ __ ___ Vert.' -A/Div.

Remarks, /-7/,? -L~~c- 6~ cv~~o 4

Tnstruznentation___________________________

Test Supervisor ______Contract______________
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T/SSI TEST LOG

Test No. -TTask -Date 3d O'- .

Test Ite -,6 1L. -

I~v~v

± I

TI
II
I I

VcM Z&(C•

Vp= L-__
p t

Ip= Rd=

RL=

Scale Factors

Vert. /___ ___ /Div.

Horiz. .,-_/i

Remarks. c, ,4

Instrumentation

Test Supervisor Contract
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T/SSI TEST LOG

Test No. jfi Task Date 3) 2 ,Y

Test Item - L -ceý(

c t
V= L

P t
RdP d
RL-

Scale Factors

Vert. /___ /Div.

Horiz. </ A Z /Div.

Remarks

Tnstrumentation
Test Supervisor Contract
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T/SSI TEST LOG

Test No. Task Date 5 C

* Test Iteri Aot- C. C

IR

P d
I __

RL=___--------------------

Scale Factors

4'' 3

______ ______ Vert.j Vl /Div.

________ _______ Horiz. J ,& i/Div.

Remarks / 1jI-ý -
_C __: _ It = I e-' -c 1 1 S LI

Vp= E/ Lt = I.,)ý

instrumentation_______________________

ip d- -

TetSual erFactors L _?Cnrc
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T/SSI TEST LOG

Test No. Task Date 70De-PS

Test Item &-•2- CAI

r••-7

IR

d,
/7 I

Vp- L- -- -IpRd=___ I

RL=

Scale Factors

Vert. /)_ / ijDiv.

Horiz. /2.- _/Div.

Remarks C-4 J."... • / S-LCL - •o Li,. 5 "-) v# -

Ins tru•rentatio ne

Test Supervisor Contract
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T/SSI TEST LOG

Test No . z Task _ Date_____ Dae

Test Item_ "

T
Io

Lt =

Ip R d,1I= Rd= •

RL=

Scale Factors

Vert. /U 6,- /Div.
Horiz. . ,__/Div.

Remarks A-•(ý * ( it .. tvJ L• .2 %

Tns trumentation

Tesc. Supervisor Contract
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T/SSI TEST LOG

Test No. Task Date 3o beckf

Test Item__i A 'c • 1-4-&

II

V

Vp=.L5#,kLt = I L

Y= - Rd=--

RL-

Scale Factors

Vert. C• (/ /Div.
Horiz. I.,• !'S• /Div.

Remarks

instrumentation
Test Supervisor Contract
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T/SSI TEST LOG

Test No. __Task Date ___ --_--- _

Test Itemii 0  C~6

II

vc= /••ct

p ~t -

Ip --- _ Rd=
RL__------------------------------------RL-

Scale Factors

Vert. •-- C.../ /Div.

Horiz.5ýe2 L- /Div.

Remarks

Tnstrumentation

Test Supervisor Contract___
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T/SSI TEST LOG j

Test No. _ _ Task Date &•

Test. Item _Jl_Z_____________________________

V Ii

T T

p t

1p= Rd=-

RL= .

Scale Factors

____ ___ Vert. /6 - /Div.
Hor•n,. /Z, •-/Div.

Remarks _

Instrumentation_

Test -upervisor Contract A

I• 7j,



T/SSI TEST LOG

S1/

Test No.- Task Date __________C_

Test Item (9 ;-

V2--VCC - .__

Vp=Lt = L
Yp= Rd=

RL=

Scale Factors

Vert. 20) j /jDiv.

Horiz. /o/3- /.$ /Div.

RZetarks

Tns trumentation _

Test Supervisor Contract
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APPENDIX F

DC PARTIAL DISCHARGE TEST DATA

The dc partial discharge test data were taken in the High Power Laboratory,

AFWAL/POOS, Wright-Patterson AFB, Ohio using the equipment described in Paragraph

6.3.7.2.

7
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